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Introduction 


For 54 years two flawed reports concealed a story. I 
discovered the story by accident, and want to show 
you what I found. Officially, a plane lost control at 
low altitude when a cable parted, and from the moment 
of the break the passengers and crew were doomed. In 
fact, the crew came breathtakingly close to salvaging 
the situation, but the investigators don't seem to have 
noticed. For 54 years a puzzle waited to be solved. 
The solution isn't suitable for all readers, but it's worth 
telling. 


My subject is the impact and breakup of Northwest 
Airlines Flight 706 (N137US) on September 17, 1961 
at O'Hare. This document includes everything I can 
extract from available pictures, official accident re- 
ports, museum archives and technical manuals. I've 
created as complete an archive of the event as I can. 


My father was the captain. Anyone with a connection 
to that crash might not want to read this; it's not a doc- 
ument for the squeamish. This is an attempt to re-en- 
vision an event that was always ugly, and remains so. 
To tell the story I must look it straight in the eye. I 
would not have you come along if this is more than 
you bargain for. This is personal. 


When an incident is long past and was quickly settled, 
if someone then offers corrections to official reports, 
the only reasonable response is to be at least cautious 
if not deeply skeptical. This narrative presents my 
case for your review. This may not persuade you, but 
I'll try. 


My case has four premises: 
(1) The official reports are provably wrong in 
some respects, can be legitimately questioned 
in others, and conflict with each other. 


(2) These errors make the official impact and 
break-up scenario without value. 


(3) Photographic evidence, along with material 
from the official reports and elsewhere, clearly 

depicts an alternate sequence of events that ful- 
ly explains the final site configuration. 


(4) This paints a completely new picture of the 
crew's intentions and level of control. 
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I have pictures Mom was given in '61 or '62, along 
with the ALPA report 197 as a carbon copy. A few 
years ago I got the CAB report 158 from the NTSB. 

In late 2014 I happened upon some UPI press photos 
being sold online. The news services have digitized all 
these old prints and don't need hard-copy any longer, 
and I snapped them up. I acquired a few more since 
then. 


I bought them not to prove anything, but because I had 
already built a library of Dad's life including the crash, 
and these were an obvious addition. This library was 
not even a particular focus of mine, just one of many 
hobbies and interests, including other galleries and ar- 
chives. The new pictures turned out to be much clear- 
er than the ones I already had. The older ones were 
actually faxes, and under magnification you can see 
the raster lines. 


All the significant pictures 213 are included here. The 
name of each starts with the year I acquired it. The 
most important images for understanding the crash are 
2014 Image 02 220 and 2014 Image 03 221. Origi- 
nal and edited images are embedded in the document 
where useful. 


The pictures were taken on at least two days. Any pic- 
ture with smoke was taken on the day of the crash, 
which happened at 9am. 2014 Image _02 was taken 
about noon. Several pictures were taken on the morn- 
ing and afternoon of the following day, judging from 
shadow directions. In some cases the shadows and 
lighting affects the apparent location of the photogra- 
pher or debris. 


With the new pictures I had clearer images and also 
different perspectives on the site. I studied the pictures 
in some detail, and tried to correlate the official reports 
to the markings on the ground and the plane debris. 
The photographic evidence didn't seem to match the 
reports, and I realized that the only way to make sense 
of the debris was to reject part of the reports. 


For example, the CAB report says the plane landed 
right side up and slid tail-first to the final wreckage 
site, but multiple pictures show that the main wreckage 
is upside-down and tail-first. The ALPA report says 
the number four prop left slash marks across the rail- 
road embankment, but also says the engine was sepa- 
rated at the tracks. Evidence suggests engine three left 
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the marks, and therefore a high-angle bank at impact 
(as asserted by the official reports) cannot be correct. 


Something went wrong in this investigation. For some 
reason, the clear evidence of the pictures does not 
match the official narrative. All the errors revolve 
around the impact and breakup sequence. I have no 
reason to doubt the root cause of the crash, though I 
have questions about it. So the crash reports have 
turned into a puzzle. There must be a reason why such 
basic errors were made. The questions then are to fig- 
ure out what can be trusted and what can not, and what 
was the actual impact sequence. 


This whole project came as a complete surprise; the 
initial plan was simply to add some pictures to one of 
my archives. So I started over by ignoring the reports, 
and tried to reconstruct the impact sequence from the 
images alone. The question that comes up repeatedly 
is how much of the official reports has to be discarded 
for the remainder to make sense. 


My analysis has graphics from several sources. I used 
a flight simulator to recreate the flight and part of the 
crash, and took images from that. I wrote scripts to 
generate flight paths, and inserted pages from manuals 
and other documentation. 


To follow the crash sequence, it's important to under- 
stand directions with respect to the airplane, as well as 
the compass direction. I'll use a clock face to describe 
it, where twelve o'clock is straight ahead as seen from 
the plane, three o'clock is right, etc. When I say the 
plane is moving toward its nine o'clock, it means mov- 
ing toward its left, sideways through the air. After the 
first right wing impact, the plane was moving west and 
toward its eleven o'clock, so it was pointed slightly 
northwest but moving west. 


The reports have many references to "fuselage sta- 
tions" and "wing stations". Every aircraft uses a com- 
mon method to describe locations with respect to 
length, width and height. Distances from the nose to 
the tail are denoted as Fuselage Stations (FS). Dis- 
tances from the centerline out to the sides are denoted 
as Butt-Lines (BL), and once clear of the fuselage they 
are called Wing Stations (WS) but still are numbered 
from the center line. An arbitrary vertical position is 
called the Water Line, and vertical distances from that 
are labeled accordingly positive or negative. (This 
numbering system was adapted from marine vessel 
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nomenclature.) In American planes these units are in 
inches, so a fuselage station of 72 is 72 inches rear- 
ward of the zero point. Each manufacturer designates 
the fuselage zero-point ("datum") and water-line for 
each airframe. 


In the Electra the fuselage station zero point is 42 inch- 
es in front of the nose, and the rearmost pressurized 
bulkhead is at FS 1117. The fuselage is 136 inches in 
diameter, or 13'4". Wing stations begin at BL 68. 

The wingspan is 99' or 1188", so the wingtip on each 
side is at WS 594. Several pages of dimensions |54 
are in the Visual Aids section. These coordinates will 
become important in understanding the breakup. 


I arrived at what I think is a good understanding of the 
impact and the chronology. The cause of the official 
report errors is not hard to see, and some errors are 
reasonable under the circumstances. I don't have an- 
swers for all the inconsistencies, and will explain what 
I'm confident of and what I still question. My goal is 
to describe the crash in as much detail and with as 
much certainty as the pictures and (in part) the official 
reports will support, and explain why what we appar- 
ently see here was not reported at the time. Although 
the crash happened on airport grounds, there were few 
eyewitnesses (or perhaps none) to the impact itself, 
which was partly screened by trees. 


To keep the wording reasonably simple, I'm going to 
describe much of the crash sequence as if my recon- 
struction is fact, with relatively few explicit statements 
about this being my view. This will be interspersed 
with the ALPA and CAB scenarios, each labeled as to 
its source, and my reasons for disagreeing. 


I don't doubt that the ALPA and CAB reports are cor- 
rect in describing the initial mechanical malfunction 
that caused the crash. Regarding the impact and 
breakup, both are in error. Those two reports describe 
an impact that was clearly not survivable. I will assert 
that the crash was very likely a belly impact in which a 
critical fuselage fracture was the sole cause of fatali- 
ties. In other words, the plane came closer to a rough 
but successful conclusion than was previously known. 


To land was not the crew's plan. Their goal was to 
stay in the air, and the crash resulted from a managed 
descent, keeping airspeed up to prevent stalling. They 
ran out of altitude a few seconds short of regaining 
sufficient control to keep flying. So the nearly surviv- 
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able belly landing is what it resembles, but it should be 
thought of more as a glancing blow with the ground, 
which was too heavy to sustain. 


I confess that only a biased person would care about 
this, at such a late date. The vital task of the investiga- 
tors was to find the root cause. The breakup sequence 
was a trivial matter compared to finding why the plane 
impacted in the first place. The reports say that there 
were debris maps, and investigators can be seen in the 
pictures surveying the site, so at least something was 
done to reconstruct the impact sequence. But when the 
unsecured cable end was found, the rest of the investi- 
gation probably dropped in priority. The breakup se- 
quence was apparently an afterthought for the writers 
of the ALPA and CAB reports. 


I doubt that much time was spent reconstructing the 
breakup itself. "Cartwheeled and exploded in flames" 
was a good enough explanation and fitted the gross 
evidence. No nuances were going to change the expla- 
nation of the mechanical failure that triggered the 
crash. But the details tell us much about the final mo- 
ments and the crew's view. 
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In studying these reports, I was struck by what seem to 
be illogical descriptions in the ALPA report. The 
CAB would have been the official investigating agen- 
cy for this crash. The ALPA would have been given 
some professional courtesy, but I don't know that they 
were running an independent investigation. I do have 
a picture of one ALPA staffer assisting onsite. (If any- 
one can enlighten me as to the administrative proce- 
dures at this time, please do.) 


It dawned on me that the ALPA report writer probably 
was never at the crash site. He was likely working 
from a CAB preliminary report along with the CAB 
supporting documentation, which he did not actually 
understand. I'll try to make this clearer in the follow- 
ing discussion. 


The ALPA report was dated June 1962 and the CAB 
report is dated December 1962. The ALPA report is 
long on details but short on understanding. I suspected 
that the ALPA was in too big a rush to publish. Their 
reasons became clear when the original cover letter 
turned up under which the ALPA sent their report to 
the CAB. The goal of the ALPA, being a union, was 
to get out ahead of the CAB with their view of the 


June 5, 1962 


ACCIDENT INVESTIGATION REPORT 


Air Line Pilote Association 


WORTHWEST AIRLINES L188 


o° 


FOR RELEASE AT 3 P.M 
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AERONAUTICS 


~© SEPTEMBER 17, 1961 


BOARD 


ATRCRAFT ACCIDENT REPORT 


Adopted: December 10, 1962 


December 13, 1962 


Released: 


NORTHWEST AIRLINES, INC., 
LOCKHEED ELECTRA, L-188C, N 137US, 
O'HARE INTERNATIONAL AIRPORT 
CHICAGO, ILLINOIS, SEPTEMBER 17, 1961 
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crew's performance, in order that the ALPA view 
would be incorporated in the CAB report. 


I begin by taking the CAB and ALPA reports at face 
value. When I find fault with a particular assertion I 
will explain the problem, but that does not invalidate 
the entire report. In the end, it will be the sum of these 
errors that led us to mischaracterize this crash for so 
long. 


By the end of this document I will characterize both of 
these reports as slapdash. I will suggest that the Lock- 
heed engineers probably had a jaundiced view of the 
CAB investigators, an opinion I formed while working 
on the flight path calculations. What came as a com- 
plete surprise to me was finding documentation sup- 
porting my opinion. 


About three years into the project a personal letter 
from Don Nyrop was found in an archive, responding 
to a private individual about the CAB report. Don said 
the report was "issued prior to the availability of all of 
the scientific data and tests necessary to establish a 
probable cause for the accident. The Board has been 
notified that there are at least 22 specific errors in the 
report it released on December 13. In our opinion, the 
Civil Aeronautics Board's findings are based on in- 
complete data, an unfinished analysis, and on conjec- 
ture." 


When I was a kid, Don Nyrop was the soul of North- 
west, and Northwest was family. Mom always spoke 
well of him, and I think it was out of some personal 
loyalty that she declined to sue the airlines after the 
crash. She was told that a settlement would be a sure 
thing, and there were quite a few years when we really 
needed the money. But she said that certainty of win- 
ning a lawsuit was not a reason to file one. You don't 
take money just because you can. 


Some readers have dismissed the Nyrop letter out of 
hand. They hold that obviously NWA would want to 
duck responsibility, and the CAB found NWA at fault 
for maintenance practices. While this would be under- 
standable behavior by NWA, my re-examination 
shows that the CAB analysis was indeed unfinished 
and conjectural. To have this letter from Don is like 
receiving his blessing for questioning anything in the 
official reports. I would love to have his list of 22 er- 
rors. 
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Equally telling are the ALPA recommendations 212, 
particularly three of their numbered points: 


1. Wreckage - Do not move or disturb 
wreckage, where practical, until completely 
photographed, plotted and described. 

2. Interested parties must not carry on sep- 
arate investigations or move wreckage. 

7. Conduct of investigations - The entire in- 
vestigation must be conducted in a compre- 
hensive manner. Prejudging and 
supposition must not be permitted. One 
part of the investigation must not be neglect- 
ed for a quick solution. 


If the ALPA felt it needed to twice mention unauthor- 
ized movement of wreckage, it's reasonable to con- 
clude the site was not properly controlled or managed. 
Items 1 and 2 point to disorganization among unspeci- 
fied agencies on the site. 


But it's item 7 that provides the smoking gun, because 
the only agency the ALPA can have been referring to 
here is the Civil Aeronautics Board. It was the CAB 
that was in charge of the entire investigation, and man- 
aging and balancing its parts. It was the CAB that Ny- 
rop accused of conjecture based on unfinished work, 
and the ALPA seems to be onboard with that. 


It was the CAB that went public with a bogus impact 
scenario about twelve hours after the crash, before the 
engines had even been located. This error was never 
corrected, though the ALPA pointed it out six months 
before the CAB final report was issued. It is the 
CAB's unfinished work which is my subject now. 


The new information also raises new questions. I now 
have put feelers out to various nodes of the Old Boy 
network, looking for more data. Passing this docu- 
ment around, incomplete as it is, constitutes one of 
those feelers. My hope is that someone has some 
musty forgotten manila folders squirreled away. 


My purpose in this document is to state my case for 
re-envisioning the impact and breakup sequence, and 
to make that argument solid enough that it is seen to 
warrant a serious reading. If I can do that, hopefully 
people will talk about it and pass it around, and at 
some point it will cross the desk of the right person. 
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This document is therefore a work in progress, and I 
will update it whenever new information can be added 
or new leads develop. 


There are many places documentation might have been 
filed for this accident, including any first responders, 
concerned agency, or entities involved in the investiga- 
tion. The FAA told me the CAB archives were trans- 
ferred to the National Archives, and they report now 
having nothing beyond the final report. Where appli- 
cable, I've filed Freedom of Information requests, but 
nothing has turned up. 


Northwest has been absorbed by Delta. Delta told me 
that they have no historical Northwest data. Northwest 
veterans indicated that NWA did not have a culture 
that valued its history, and probably nothing was re- 
tained long after the crash. 


Lockheed was heavily involved in the investigation, 
and has a reputation for maintaining documentation 
and valuing its history. Multiple attempts to commu- 
nicate with Lockheed-Martin have elicited no reply. 
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The initial clues came from the archive from which I 
bought the press photos. That archive declined to 
search their files for more. 


It's possible more records are secured by file retention 
practices, where those who hold the records are not 
aware of them or inclined to disclose their existence. 
Something went wrong with this investigation, and no 
one seems to gain by exposing their records to scruti- 
ny. I've been encouraged to petition the NTSB for a 
re-examination of the incident, and such an investiga- 
tion might unearth such records. 


Barring some new evidence, all I have are these re- 
ports, these pictures, and scanty records from museum 
archives. If anyone who reads this can help track 
down more information, I would be grateful. 


The Flight 


Flight 706 took off from O'Hare's runway 14R, aimed 
southeast. During takeoff or very shortly after, a fit- 
ting came unscrewed on a cable that controlled the ai- 
lerons. The effect of this was to block the crew from 
sending a right-wing-up command. The crew com- 
menced a planned gradual right turn, and then was un- 
able to level the plane. As the plane continued 
banking to the right it also turned right, and by the 
time it crashed it was headed west. The mechanical 
failure and reasons are all covered in the reports, so I 
won't go into those in detail. 


The reports cite a gradually tightening turn and an in- 
creasing right bank. The CAB report says at the point 
of impact the bank reached 85 to 90 degrees. It reports 
that the captain's artificial horizon indicated a right 
bank of 90 to 100 degrees when it stopped functioning, 
but it also says the instrument reading is not consid- 
ered reliable. The flight data recorder was shredded in 
the impact and no relevant data was recovered. The 
ALPA report notes that flight data recorders need to be 
stronger and in a better-protected location. The plane 
had no cockpit voice recorder. 


The ALPA report says the plane was losing altitude as 
the bank reached 75 to 85 degrees, and angles from 70 
to 90 were reported by witnesses. ALPA further says 
the plane was almost inverted when the number three 
prop hit the ground, possibly relying on the artificial 
horizon that the CAB didn't trust. The reports also cite 
the "gradual descent" to the ground, which is not com- 
patible with a 75 to 90 degree bank. 
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I will show that the steepest bank substantiated by the 
evidence is about 35 degrees at impact, and might have 
peaked around 60 degrees earlier in the flight. Per- 
suading you of this is no small challenge. 


We have a set of values which were measured at the 
site. The CAB report says the plane impacted about 
3800 feet from the runway center line. The same re- 
port includes a hand-drawn map with a scale that 
shows the impact point about 4100 feet from the run- 
way. A value of 4000 feet is precise enough for our 
purposes. We know the plane hit on a heading of 
about 271 degrees magnetic, and it took off with a 
heading of about 143 degrees. So the plane curved 
through an arc of about 130 degrees, or a little over a 
third of a circle. (In 1961 the magnetic declination at 
O'Hare was 2 degrees east of north, which is a trivial 
difference for our purposes.) 


The Electra with a 93,000 lb gross weight has a V2 of 
120 knots. A study of Electra takeoffs from that run- 
way showed a typical speed of 155 knots at the 8000 
foot mark. The impact speed was measured by prop 
scars on the railroad embankment and on the flat 
ground beyond, and was calculated to be about 160 
knots. All these values bound a space in which we 
must fit a bank, acceleration and a curving path. 
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This is a topographical map of O'Hare in 1963, which topo map. The CAB map was turned 90 degrees to 
is a close enough date for our purposes. Runway 14R_ = make it line up, so the sideways labeling is from the 


runs from the upper left toward the lower right. CAB map. The CAB report shows what they felt was 
the range of possible flight paths (the gray crescent) 
I will make extensive use of the CAB map of the ending at the impact point at bottom center. In later 


flight, as taken from their official report 193. In this illustrations, the impact area will be cropped and 
image the grayscale CAB map overlays the multi-color zoomed in. 
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The crew intended to make a "toll road departure" The toll road departure had consequences when the 
which at the time was O'Hare jargon for a right turn control cable failed. If they had not already been in a 
soon after takeoff to the south, and appears to be de- turn at low altitude, they would have encountered the 


scribed as "Victor 172, Victor 429, and Victor 38 to problem higher up and in level flight. I will argue later 
Peotone". This early turn avoided having to be handed _ that being in a banking turn when the cable failed pre- 
off to Midway airport control, because 14R points to —- vented them from recognizing it until they had insuffi- 
the Midway airspace. The toll road departure simpli- _ cient time to recover. 

fied communications, at the expense of a additional 

turn and a few minutes more flying time. I don't know 

whether the term or the procedure is still in use. 
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The Flight 


The following pages will show various flight paths su- 
perimposed on the CAB map of the site 193. The 
CAB map is rotated so the runway axis is vertical. 
The scale from the CAB map is moved to the left side 
but is in the original proportion. The map notes some 
physical features in the area and the impact point. The 
shaded area is intended to summarize witness state- 
ments about the flight path along with an engineering 
study by Lockheed, showing the probable tightest 
(most northwesterly) and loosest (most southeasterly) 
paths that were considered. 


The aircraft was observed at between the 8000 and 
9000 foot runway marker, starting a shallow right turn. 
This is sketched on the following page, with a 4900 
radius circle added to give a scale. That would be a 
standard rate turn at about 155 knots, or a 24 degree 
bank. The crew would not immediately go into such a 
bank, so the circle is just for comparison. Their intent 
would be to gradually start the bank, and as they accel- 
erated the radius would open up. They would have 
lined up on V172 on a heading of about 270. 


The following page shows what they planned to do. 
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The Flight 


The Plan 
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The Flight 


The CAB/Lockheed possible paths (as outlined in their 
mapped boundaries) are indicators of the bank angles 
they were willing to contemplate. On the following 
page I've superimposed circles approximating the 
curves on the CAB map. 


The witness reports agree that the bank was quite 
steep. If we assume 160 knots at all points (the report- 
ed impact speed) that will give us the steepest bank in 
each of these segments. However, the plane was ac- 
celerating through the turn, so I've indicated an esti- 
mated speed for each part of the curve. We can then 
compute the approximate bank angle for each curve 
segment. 


The blue line is the 271 heading the plane was on 
when it crashed. The map has been rotated, but the 
blue line actually runs east-west. Everything south of 
that line can be immediately ruled as beyond the realm 
of possibility, since for the plane to be in that space it 
would have to level out and be banking to the left in 
order to reach the impact point on a 271 heading. By 
the same token, most of the space near that line (partic- 
ularly the farther it goes east) must be ruled out be- 
cause it would put the plane in essentially level flight 
on its impact heading. 


Similarly, the inside arc is impossible, if the goal is to 
define a path that gets to a vertical bank. At the impact 
point the inner arc defines a bank of about 47 degrees 
and about a 2100' radius. The official reports describe 
a bank of at least 70 degrees when the power lines are 
hit, and 90 degrees at right wing impact. As one of my 
readers said, there's a point where you're not looking at 
a banking turn and it simply becomes ballistics as the 
plane rolls clockwise about its longitudinal axis. But 
somewhere around 60 degrees we're still looking at a 
banking turn, and this arc doesn't come close. Any 
farther into the shaded area, the logical problem be- 
comes worse. Any arc that falls entirely within the 
CAB estimated path must imply an impact bank angle 
lower than 47 degrees. 


Page 14 


The path envelope was developed from witness re- 
ports. The CAB reported that while the entire area was 
mapped based on a study by Lockheed, the inner path 
was considered by Lockheed to be the only real possi- 
bility. The remainder of the shaded area covered the 
witness statements that were passed along to Lockheed 
for inclusion in the study, but there is no indication in 
the CAB report that Lockheed placed any credence in 
them. 


The map notes a radar fixture near the center of the 
1400' circle, which the ALPA report calls an antenna. 
The ALPA report mentions this fixture when discuss- 
ing evidence developed by different teams within the 
accident investigation, specifically the "operations 
group, witness group, and theoretical calculation". 
Apparently the radar antenna was considered useful for 
placing the flight path in context. The ALPA report 
specifically mentions the bank angle after passing the 
radar antenna. 


The most important witnesses to the crash were proba- 
bly the control tower staff. The control tower is to the 
left of the runway in these maps. From a tower view, 
it would be unmistakable if the plane went to the left 
of the antenna. This would have been a natural refer- 
ence point for their description of the crash. 


The flight path in relation to the radar antenna depends 
on where you view it from, so there is some room for 
doubt for witnesses not in the tower. But this map and 
specifically the inner path was clearly the product of a 
good deal of consideration. This map was not drawn 
haphazardly. 


This is one of the points where we have to decide 
which parts of a report to accept and which parts to 
discard in order that the remainder will make sense. If 
we believe the CAB boundary for the innermost circle, 
and presuming at least a somewhat balanced turn, then 
the plane can not have in a banking turn of more than 
about 47 degrees when it hit the railroad embankment. 
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The Flight 


The reports say that around the 8,000 to 9,000 foot 
mark on the runway, the plane commenced a gradual 
right turn. This turn then increased as the aircraft ap- 
parently went out of control. The following graphic is 
an attempt to chart a flight corresponding to witness 
statements about the plane attitude. The goal is to get 
the plane to the impact point without regard to whether 
the path falls on the area mapped as possible paths. 


In the graphic, the blue line is drawn perpendicular to 
the runway axis and through the impact point. This 
line intersects the runway about 2750 feet past the 
9,000 foot mark of the runway. The problem is to get 
the plane 4,000 feet to the right of the runway axis, 
using only 2750 to 3750 forward feet to do so. 


The green curve is an approximation of a path that 
would do this. In two respects it fails to agree with 
witness reports. First, this turn starts immediately, 
with no gradual onset. The turn is not extreme, and 
approximates a standard rate turn, but it has to start 
quite quickly to get the plane far enough to the right 
before going too far southeast. Second, it is not even 
close to the CAB range of possible paths, and does not 
go beyond the radar antenna. 


The orange curve is copied from the earlier graphic 
showing what was probably planned. It does qualify 
as a gradual start as a shallow right bank. This shows 
the difference between such a bank and the immediate 
onset that it takes to get the plane to the impact point. 
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At 93,000 lbs, the stall speed of this Electra was about 
110 knots in level flight. As the bank increases the 
stall speed hits 160 at about 63 degrees. A 63 degree 
bank has a radius of about 1150 feet at the plane's alti- 
tude, so this is theoretically the smallest turn it could 
have made that day. Presumably when the plane 
reached a 70 degree angle it was already stalled. Any 
higher bank angle would have been from a continua- 
tion of the rolling motion that brought it to that point, 
or from the inside wing stalling first and dropping. 


Regardless of the exact path to the impact point, the 
official reports' credibility hangs on the high bank at 
impact. If we take a roughly 70 degree bank as the 
minimum to satisfy the CAB and ALPA scenarios, 
given excited witnesses, then the smallest circle in this 
figure can be used as a litmus test. No path can satisfy 
the official scenario of a steadily increasing bank if it 
does not end in a curve with about this radius at about 
that location. This automatically rules out everything 
in the CAB shaded area. 


This gives us an irreconcilable conflict. The shaded 
area is based on witness statements, Lockheed engi- 
neering, and obviously considerable thought. A flight 
path that includes a 70 degree bank at the end is recon- 
structed by the CAB and ALPA from witness state- 
ments. The 70 degree bank (or stalling out of a 63+ 
degree banking turn) cannot be made to fit within the 
mapped flight path envelope. 


The only remaining way to get to 70 degrees is for the 
plane to simply roll in flight, which I discuss later. 
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The Flight 


We can make two adjustments to the path, to try to fit 
it to the witness statements. This is a thought experi- 
ment, not a suggestion that either of these happened. 


In the following graphic, the green path is the same as 
the green path in the prior graphic, but the onset of the 
bank is gradual and corresponds to the conjectured 
planned path. This path cannot reach the impact loca- 
tion, because it reaches a 271 heading too far south 
due to the reported location where the bank began. 


The red line is the same path shape, but has been 
scaled up a bit so that the plane reaches the 271 head- 
ing at the right distance from the runway. In order to 
reach that point, the bank must start much earlier than 
reported, and the plane cannot get beyond the radar. 
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The Flight 


Any flight path that includes a constantly increasing 
bank has a problem. There are variations in the exact 
route that would get the plane to the impact point, but 
they share the need to start the turn earlier than report- 
ed or faster than reported. To explore the possibility 
space, I used Excel to calculate some paths based on 
the incident starting at the runway axis. 


I wrote a script to automate the necessary calculations, 
using the standard formulas for turn radius and rate of 
turn. The code is here in the appendix 250. The script 
iterates once per each second of the flight, starting 
with the beginning of the turn. This starts with straight 
flight which for this discussion will start around the 
8000' mark. 


For each iteration the script takes the current bank and 
speed, and adds a bank increment. It increases the air- 
speed by a given value. It calculates the turn radius 
and rate of turn for that bank angle and speed. Each 
line of the output can be verified by running the same 
calculations manually. (The turn rate becomes cor- 
rupted when the bank reaches 89 degrees, and the rou- 
tine halts the bank increase at 89 to prevent another 
error. The last line may look bogus.) 


The rate of turn is then fed into the heading for the fol- 
lowing line, the bank angle becomes the starting bank 
angle for the following line, the speed is carried in the 
same way. 


For each line the script calculates how far to the right 
of the runway axis the plane has moved, using its 
heading and speed. It also calculates how far forward 
(i.e., southeast) it has moved from the start of the bank. 
These become XY values for mapping. 


The rate of acceleration is entered by the user. The 
acceleration is always linear, and it stops incrementing 
when it reaches 160, the known terminal speed. (The 
the calculated flights that end up being very short re- 
quire that the presumed acceleration must be quite 
high.) The bank increment is entered as a steadily in- 
creasing value or as a set of arbitrary values from a 
manually entered list. Regardless where it comes 
from, the value used is shown in the Incr column. 


The script stops when the heading passes 271, the re- 
ported heading at impact. The purpose of running the 
script is to find the combination of values that matches 
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the known measurements. That is, we're looking for 
values that result in a heading of about 270 about 4000 
feet from the runway. 


The official reports indicate a gradually increasing 
bank ending in 90 degrees. The ALPA says the plane 
was almost inverted. The first lesson from running the 
script is that it's impossible to get near a credible 90 
degree bank using steady incremental bank increases. 
As the bank increases the turn radius decreases and the 
turn rate increases. If the turn radius does NOT de- 
crease, the plane is in a severely unbalanced turn and 
slides toward the inside of the turn, quickly running 
out of altitude. 


The faster the bank increase, the less time for addition- 
al increments before the plane reaches the 271 head- 
ing. So the only way to get to a 90 degree bank is to 
use 10-degree bank increments. Just after 9 seconds 
the heading reaches 271 degrees, about 1000 feet to 
the right of the runway. It would have stalled out by 
then, of course, so this is just to illustrate the concept. 
The result table is at 246. 


The reports mention a gradual beginning of the right 
bank, certainly less than ten degrees per second. With 
a more gradual bank, we can reach a final 70 degrees, 
which might be taken as a vertical bank by witnesses. 
This takes a 3-degree-per-second increment, and we 
end up with a 271 heading after 23 seconds about 2500 
feet from the runway. This is still about 1500 feet 
short of the actual impact site. The result is shown at 
247. 


The lower the bank increments, the farther the plane 
will be from the runway when it reaches a 271 head- 
ing, but the lower the final angle will be. There seems 
to be no feasible way to end with a 90-degree bank at 
the observed impact site, if the bank increment is even 
approximately linear. 


The best fit we can find for a linear bank increment 
that ends at the observed impact distance is at 1.5 de- 
grees per second,. This gives an approximate 50 de- 
gree bank at about 4000 feet from the runway. This 
happens 35 seconds into the turn, which is a good fit 
for the estimated flight time. This is as close as we can 
come to the gradually increasing bank mentioned in 
the CAB and ALPA reports, if we use linear incre- 
ments from the runway axis. It is nowhere near the 
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The Flight 


reported angle, however, and misses the impact loca- 
tion. It could be made to fit if the bank begins earlier 
than witnesses reported. The result table is at 248. 


Charting linear bank increments from the runway axis 
gives a terrible match to the official reports. It cannot 
end at the impact site at the attitude reported, even 
granting that this first tool is quite crude. 


All witnesses agree that the takeoff seemed normal. 
The initial bank was characterized as a gradual and 
shallow turn, as had been planned and agreed to by the 
tower. There is no reason to think the emergency was 
underway as the plane left the runway axis. The com- 
putations suggest that it could not have been, or if it 
was, then it did not proceed in linear bank increments. 


The most reasonable presumption is that the emergen- 
cy commenced after the crew started an intentional 
turn. The problem is, this means the plane would have 
gone too far southeast to arrive at the impact point 
with a bank that increases further, much less a steadily 
increasing bank. 
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The following graphic shows what that flight path im- 
plies. The plane starts with the turn charted earlier as 
an example of what they intended. As the plane 
neared the radar antenna, the bank continued to in- 
crease, finally reaching about 50 degrees. About that 
time the crew indicated they were in trouble. 


The plane is now too far southeast to reach the impact 
point if the 50 degree bank is maintained, much less 
increased. The only way it can get to the impact point 
is for the bank to decrease from here on. I have some- 
what arbitrarily chosen a final bank angle of 33 de- 
grees, because the right wing impact damage suggests 
the bank can have been no steeper than 33 to 35 de- 
grees, give or take. 


To keep the graphic simple, I've drawn it (like the pre- 
vious ones) as just a few curves. In fact, the flight 
would have involved multiple gradual changes in bank 
angle and turn radius. 
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The Flight 


The same general path can be calculated from my Ex- 
cel code. The following page shows a reasonable path 
in green. The crew recognizes they have a problem 
five seconds after starting an intentional right turn. By 
the 18 second mark the bank has stopped increasing, 
and at 21 seconds it begins reducing by one degree per 
second. The page after that shows the computation 
results table. 


The computations should be considered only a sketch. 
Transitions from one phase to another would not be as 
abrupt as shown. The computation is not a simulation 
and does not take rudder inputs into account. The goal 
of the sketch was to show that there is some conceptu- 
ally accessible path from the runway axis to the im- 
pact, and I tweaked the numbers until that was the 
result. So the numbers I injected in the course of the 
simulated flight were not independently arrived at; 
they were the brush strokes needed to make the picture 
appear. 


An approximation of the most extreme possible path is 
shown on the following page in red. The bank is limit- 
ed by the stall speed to 63 degrees. This path would 
result in the bank being only 22 degrees on impact. I 
don't consider this reasonable, it's just an illustration. 
The computation matrix is in the appendix. 249 


There are any number of variations on this theme, with 
the planned turn continuing farther before the emer- 
gency, and the maximum bank angle being higher, or 
the emergency starting sooner and the angle remaining 
lower. Regardless, once the plane is within the CAB 
range of estimated flight paths as mapped, the final 
angle is limited to no more than 47 degrees. 


More important, once the plane is southeast of the in- 
ner boundary of the range, it cannot reach the impact 
point unless the bank reduces after it peaks. This is 
not arbitrary, though the numbers selected for any one 
example may seem arbitrary. If a bump is induced 
southeast of the boundary, the bump radius must nec- 
essarily be less than the average of the boundary. A 
smoothing (reduction in bank angle) is therefore need- 
ed for the plane to intersect the boundary at impact. 
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More generally, any bank must be followed by a re- 
duction in the bank angle if the radius of the extreme 
bank is too small to allow the plane to get to the im- 
pact point. If the peak bank is sustained, the plane will 
reach a 271 heading before it gets 4000 feet from the 
runway axis. 


This group of possible flight paths is the only way (us- 
ing this crude tool) to satisfy the CAB mapping, and it 
fits the witness statements about the bank onset. The 
only thing it disagrees with is the degree of bank at 
impact. 


The conflicts in the official reports forces us to choose 
which parts to believe, and which parts we must dis- 
card so the remainder makes sense. If the bank in- 
creased continuously as reported, it cannot have started 
gradually. If it started gradually as reported, then at 
some point it must have been reduced. 


The ALPA report has an interesting comment. It notes 
that "the bank angle may have remained constant for a 
short period of time after passing the radar antenna." I 
think what we're seeing here is the trace of a disagree- 
ment. I suspect that some witnesses stated that the 
bank decreased, but those views were discarded, and 
the most the report writers were willing to concede is 
that the bank may have been stable for a short time. 


If the bank angle reduced, then something was reduc- 
ing it. Perhaps something the crew was doing was 
having some effect, or perhaps something in the nature 
of the system was easing off on the control surfaces. 

A reasonable conclusion from this map work is that 
the bank was reducing when it hit. A less confident 
conjecture at this point is that the plane was not exact- 
ly out of control, but was under very poor control. 


Using only the flight path data, we can estimate the 
bank reduction for this instance to average about one 
to two degrees per second, more likely one. The bank 
at impact was around 35 degrees., as later evidence 
will show At this rate of progress, the plane would 
have been level in 15 to 30 seconds. At some point 
well short of that, it should have been flyable. 
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Bank and Radius Computation 


Bank manual increment list 


Starting speed in knots 155 
Starting heading 143 
Start axis forward distance 3000 
Starting second 

Bank increment degrees/second 1 
Bank increment change per second 0 
Acceleration knots/second 0.2 


Seconds Speed Incr Bank Heading 


1 195.2 1.00 1.00 143.00 

2 155.4 1.00 2.00 143.12 

3 155.6 1.00 3.00 143.37 

4 155.8 1.00 4.00 143.74 

5 156 3.00 7.00 144.22 

6 156.2 3.00 10.00 145.08 

7 156.4 3.00 13.00 146.32 

8 156.6 3.00 16.00 147.93 

9 156.8 3.00 19.00 149.92 
10 157 = 3.00 22.00 152.32 
11 157.2 3.00 25.00 155.13 
12 157.4 3.00 28.00 158.36 
13 157.6 3.00 31.00 162.05 
14 157.8 3.00 34.00 166.21 
15 158 3.00 37.00 170.87 
16 158.2 3.00 40.00 176.07 
17 158.4 3.00 43.00 181.86 
18 158.6 3.00 46.00 188.28 
19 158.8 0.00 46.00 195.41 
20 159 0.00 46.00 202.52 
21 159.2 -1.00 45.00 209.63 
ze 159.4 -1.00 44.00 216.48 
23 159.6 -1.00 43.00 223.09 
24 159.8  -1.00 42.00 229.46 
Pas 160 -1.00 41.00 235.61 
26 160 -1.00 40.00 241.54 
27 160 -1.00 39.00 247.26 
28 160 = -1.00 38.00 252.78 
29 160 -1.00 37.00 258.11 
30 160 = -1.00 36.00 263.25 
31 160 = -1.00 35.00 268.20 


w 
NO 


160 = -1.00 34.00 272.98 


Rate 
0.12 
0.25 
0.37 
0.49 
0.86 
1.23 
1.61 
2.00 
2.40 
2.81 
3.24 
3.69 
4.16 
4.66 
5.20 
5.79 
6.42 
7.12 
7.11 
7.11 
6.85 
6.61 
6.37 
6.15 
5.93 
5.72 
5.52 
5.33 
5.14 
4.95 
4.77 
4.60 


Radius 
122552.89 
61415.76 
41028.44 
30828.53 
17602.20 
12288.67 
9409.60 
7595.37 
6341.35 
5418.15 
4706.46 
4138.06 
3671.13 
3278.60 
2942.13 
2648.87 
2389.55 
2157.27 
2162.72 
2168.17 
2250.86 
2336.69 
2425.89 
2518.71 
2615.40 
2709.49 
2807.58 
2909.99 
3017.08 
3129.25 
3246.94 
3370.65 


21 
1 


Right 
0.47 
1.87 
4.69 
9.38 

17.37 
30.10 
49.03 
75.63 
111.41 
157.89 
216.58 
288.97 
376.48 
480.44 
601.94 
741.82 
900.44 

1077.53 

1270.38 

1476.05 

1691.13 

1912.40 

2136.88 

2361.83 

2584.80 

2803.31 

3015.47 

3219.63 

3414.40 

3598.64 

3771.41 

3932.01 
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Forward 
3218.70 
3437.68 
3656.93 
3876.43 
4096.11 
4315.86 
4535.44 
4754.50 
4972.54 
5188.85 
5402.45 
5612.11 
5816.22 
6012.79 
6199.36 
6372.95 
6530.00 
6666.34 
6779.84 
6868.73 
6932.51 
6971.17 
6985.04 
6974.78 
6941.30 
6885.76 
6809.45 
6713.77 
6600.19 
6470.21 
6325.36 
6167.11 


The Flight 


Two alternative explanations have been proposed for 
the 90 degree bank at impact. Either the plane was 
doing what's called "knife edge flying", or the plane 
was behaving essentially as a projectile for which the 
lift can be discounted. 


Pilots have suggested that in the case of Flight 706 the 
crew was applying left rudder to counter the bank. 
Knife edge flying is this rudder control carried to an 
extreme. When the plane gets near a vertical bank, the 
fuselage becomes in effect the airfoil, and there is no 
lift generated by the wings. 


The pictures below show how this is done, with either 
model or full-size small planes. Note the rudder posi- 
tion in each. Pilots I've discussed this with dismissed 
the possibility out of hand for the Electra. 


A defining characteristic of knife-edge flying is that 
the nose must be pointed up for the fuselage to give 
lift. In the case of Flight 706 the witnesses concur that 
the nose was pointed down by about ten degrees. This 
puts knife-edge flying at odds with witness statements 
as an explanation for the vertical bank. The simulator 
runs will later rule it out empirically. 


The second explanation is that the plane became in ef- 
fect a projectile. The plane got into a bank of 70 de- 


grees or more by rolling into a steep right bank while it 


was on the final leg working its way down from a 
higher peak bank. 
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It cannot have achieved a 90 degree bank through con- 
stant increments from the runway axis. It cannot have 
achieved it through a tightening turning circle without 
stalling out at about 63 degrees. But it might have 
done it if it went into a sudden right roll from some 
more gentle bank angle. It's already clear that the bank 
must have been leveling, so this roll was not merely a 
sudden change, it was a reversal of progress that was 
being made. But let's consider it anyway. 


The plane was never more than 200 or 300 feet off the 
ground, according to both reports. Ifthe plane rolled 
right without turning right in a roughly balanced turn, 
it would shortly be in free fall. The ALPA reports the 
plane "losing altitude slowly" at an angle of about 70 
degrees. This suggests it was not in free fall, but was 
largely sustaining its height by turning. But at 70 de- 
grees it should already have stalled. 


Even so, to give the CAB/ALPA scenario the most 
charitable interpretation, we might usefully run some 
numbers to see what this trajectory would be. 


The Flight 


There are three landmarks in the final seconds of the 
flight path. The plane severed some power lines 300' 
east of the railroad embankment. After striking the 
right wing on the embankment, the next impact was 
380' west of the tracks. 


The image below is from the CAB report, and is a 
scale elevation of the embankment and the power 
lines. The highest cut east power line appears to be 
about 65' above the ground, and the lowest appears to 
be about 40. The CAB apparently used the space be- 
tween the lowest cut and highest uncut power lines to 
determine where the wing tip went. Their graphic 
shows that this height plus the wing impact height on 
the embankment gave a descent slope of 5 degrees. 


I don't know what to make of the diagram for the west 
power line. If the symbols mean what they appear to 
for the east, the plane severed the top west cable but 
not the two under it, which is difficult to credit. Ifthe 
lower cables weren't severed, then the 100' wingspan 
fit through a vertical space of about 27 feet, corre- 
sponding to less than a 15 degree bank. If the drafts- 
man reversed his symbols, and the bottom cables were 
cut and the top was not, the plane fit through a 48 foot 
gap, corresponding to a bank of about 30 degrees. 


Correspondents have asserted that the linemen would 
naturally have measured the locations where the con- 
ductors were severed. Such measurements at the dif- 
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ferent conductor heights would tell the bank angle. 
The CAB statement of the estimated bank when the 
lines were cut has been interpreted to mean such mea- 
surements were taken, but there is no evidence for this. 


In conversation with linemen, the consensus was that 
measuring the lines would never occur to them, while 
speed of repair would be their only focus. I don't 
doubt that the power company would take such mea- 
surements if requested, but the crash investigators 
would need to contact the power company very quick- 
ly. The 8mm film taken on the day of the crash shows 
powerline repairs underway, but the quality is too poor 
to make out the conductors.. 


After the embankment, the next impact was in a 
swampy area which according to the topo map shown 
earlier is just under 655 feet elevation. 


If we assume the aircraft is at about 200 feet when it 
rolls right, it would take three or four seconds to reach 
the ground and would be traveling about 70 knots ver- 
tically when it hit. Given a ground speed of 160 knots, 
it would be dropping at an angle of about 30 degrees, 
one foot down for each two feet forward. Witnesses 
would not mistake this for losing altitude slowly. 


The transition from a 30-odd degree bank to 70 or 
more would hardly be missed by the witnesses. It has 
to happen quite quickly, because if it happened slowly 
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The Flight 


the plane would be losing altitude as soon as the bank 
became unbalanced. In that case the plane would slide 
toward the inside, and in very few seconds would 
strike the ground before achieving the 70+ degree an- 
gle. So it needs to roll from a possible 40 degree bank 
to one of at least 70 degrees in perhaps two or three 
seconds. No witness reported this in any news articles 
I've found nor in the official reports. 


The reports state that the ground speed was calculated 
from prop tip strikes. A plane coming down at a 30 
degree angle would probably not have enough forward 
movement vector to leave useful successive prop 
marks. 


Finally, the plane would land on the right wing at a 
speed of about 175 knots, but the right wing remained 
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intact to just inboard of the number four engine. (175 
knots is the sum of the 160 forward vector and 70 
downward vector.) At the final wreck site all the plane 
was present except for the partial loss of the right wing 
and the loss of the forward fuselage. A plane that hits 
the ground at a 30 degree angle and 175 knots would 
hardly still be largely intact when it stopped some 
1200 feet later. 


Setting those caveats aside, we can calculate the trajec- 
tory if the plane lost lift in the final seconds of the 
flight. In the following figure, the vertical scale is 
three times the horizontal scale, to help the visualiza- 
tion. The calculation is a trivial formula and is not 
presented separately. 


Impact trajectories in a vertical bank 
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The Flight 


If the plane rolled into a 90 degree bank just as it hit 
the power lines, it would barely make it over the em- 
bankment and would impact before it got 300 feet past 
the tracks. Note that the dotted lines represent the 
right wingtip, not the center mass. 


If the bank went vertical any higher than the power 
lines it would either impact the embankment directly, 
or it would never make it to the embankment at all. 


None of these cases can be made to match the witness 
statements. The geometry of the known impact points 
rules out a lack of lift in the final seconds. 


In fact, as in the following graphic, the three known 
and measured impact points make essentially a straight 
line, and for the plane to strike them means the plane 
was descending in a straight line. This is not the be- 
havior of a ballistic object, but is an even and rapid 
descent. 
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The amounts to an approximate five or six degree 
slope, depending on errors in terrain and impact de- 
tails. The CAB report said Lockheed estimated a de- 
scent angle of five degrees. At 160 knots, the 
downward speed is roughly 70 feet in the last three 
seconds, about 23 feet per second, or about 1400 per 
minute. This is about three times faster than the point 
at which we would expect substantial damage to a 
landing aircraft, and about six times faster than a de- 
scent rate that's considered a "hard landing". 


We can estimate very roughly the G forces on passen- 
gers in this case. The fall will be stopped by some 
combination of the crushing of the lower fuselage, 
floor and seat compressing, deformation of the 
swampy ground, and the fact that an irregular impact 
will cause one end of the plane to hit first and then the 
other. If we presume that the total vertical decelera- 
tion distance is 10 to 15 feet, the passengers could ex- 
perience something like a 45g force. 
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A 45g force is uncomfortable but survivable. John 
Stapp endured more than that in controlled tests, and 
believed that much higher forces could be tolerated. In 
crash-testing Constellations, Lockheed positioned in- 
strumented dummies in the planes. Lockheed planned 
for impacts in the mid-50g range, and considered that 
survivable. 


To sum up, there seems no credible way to achieve 
anything like even a 70 degree bank, never mind the 
reported 90. It couldn't have happened slowly, and it 
couldn't have happened quickly. It can't be the result 
of knife edge flying, and it can't have come from roll- 
ing into a vertical bank while in a moderate bank and 
behaving as a projectile. 


Nonetheless, the official reports are quite clear about 
it. The conflict between eyewitness reports and the 
computational and photographic evidence is the single 
toughest hurdle for the reader. Since the path and the 
bank angle both come from witness statements, it's ap- 
propriate to determine how likely it is that the witness- 
es described the angle wrong. 
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The CAB interviewed over fifty witnesses, but we 
don't know how many described the bank. The Chica- 
go Tribune lists six witnesses to the flight portion, two 
describing a vertical bank, two saying the right wing 
"dipped", and two not mentioning the bank. There are 
no additional witness statements in the Minnesota clip- 
pings included here. 


It's possible that the artificial horizon reading led the 
investigators to cherry-pick among eyewitness state- 
ments, and some witnesses may have reported a much 
lower bank angle. No interview documents survive. 
The intriguing ALPA comment about the bank stabi- 
lizing suggests some viewpoints were dismissed. 


At least some of the witnesses never saw a big plane 
bank that hard at such close range, and may have mis- 
read the situation, particularly if they were at the 
plane's nine- or three-o'clock position. The following 
image shows that a 30 degree bank looks like it's half- 
way to 90, whereas 45, which really is halfway to 90, 
looks like much more than half. Even in a 30-degree 
bank, both of the far engines would be at least partially 
in view. 


When seen from the side, the difference between flat-and-level 
and a 30-degree bank is as much as the difference between 
30 degrees and 90. 


The Flight 


It's easy to over-estimate a bank when seen from the 
side, and it may be quite difficult to distinguish even 
significant differences in the range of 45 to 90. Once 
the inboard far engine comes into view from behind 
the fuselage, there is no clear indicator of additional 
increments. 


45 Degrees 
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These images show an Electra model simulating bank 
angles from 45 to 70 degrees. It's difficult to gauge the 
bank angles above 45 degrees - they all look pretty 
much the same to an unpracticed eye. 


50 Degrees 


60 Degrees 


70 Degrees 
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: plane-centered horizontal compass where 0 degrees is 
twelve o'clock and measured clockwise. That is, the 
plane's bearing minus the heading plus 180. This 
defines how the plane will look to the tower. 


The Flight 


I estimate that the maximum bank was 
around 60 degrees. My Excel script was a 
first approximation and a sanity check. It 
came up with 46, but I could have adjusted 
the assumptions a little and gotten a bit low- 
er or up to about 50. When I recreated the 
flight with a simulator (discussed later) the 
peak bank was 62 degrees. 


Some of the witnesses were tower personnel 
and may be considered experts, with long 
experience evaluating aircraft attitudes. The 
tower was between the plane's three- and 
four-o'clock when the plane went out of 
sight. 


Using my Excel-calculated flight path as an 
example, we can estimate what the plane 
looked like to tower personnel. The previ- 
ous page uses the calculated path and adds 
indicators showing the tower's view of the 
plane, accounting for the plane's heading 
and distance. 


The next series of pictures shows a model 
posed at six points on the calculated path, 
using five second intervals and ending at the 
impact point. Each shows the number of 
seconds from when the plane left the run- 
way centerline, the bank angle, and the tow- 
er's angle with respect to the plane. This 
approximates what the tower personnel 
would have seen using my Excel calcula- 
tion. 
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12 seconds, 29 degree bank, tower 202 degrees relative to plane 


17 seconds, 43 degree bank, tower 177 degrees relative to plane 


The Flight 


At 22 seconds the bank has already started reduc- 
ing. Between 22 and 27 seconds the bank has re- 
duced five degrees, but this would not necessarily 
be apparent due to the changing aspect. 


In the last five seconds of the flight (per my calcula- 
tion) the bank angle reduces another five degrees. 
While the far engines are still in view, I'd think this 
reduction would have been picked up by tower per- 
sonnel. 
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22 seconds, 44 deg bank, tower 148 relative to plane 


27 seconds, 39 deg bank, tower 125 relative to plane 


32 seconds, 34 deg bank, tower 109 relative to plane 


The Flight 


22 seconds, 58 deg bank, tower 148 relative to plane 


27 seconds, 73 deg bank, tower 125 relative to plane 
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Alternatively, we can show what these last three 
images would have looked like if we accept the 
CAB scenario. I'm using the same turn rate and dis- 
tances, and increasing the bank by 13 degrees per 
interval. This bank angle ends at 88, which is close 
enough for illustration purposes to the CAB 90 and 
the ALPA 110. 


At 22 seconds the plane is close to a stall, at 27 it 
has been in free fall for about 3 seconds. The stall 
would have started about 1300 feet and eight sec- 
onds short of the railroad embankment, and the 
plane would have hit the ground after about 700 
feet, about 600 feet short of the embankment. 


32 seconds, 88 deg bank, tower 109 relative to plane 


The Flight Page 37 


Perspective from 
the control tower 


These image sizes are computed 
according to the plane's distance 
from the control tower. 


This line is 100' long at the scale of the top picture. 
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The Flight 


The control tower personnel were probably the best 
witnesses to the crash. They had a great vantage point, 
the plane was in their view continuously nearly until it 
crashed, and watching airplanes was their business. 


The image sequence on the previous page shows that 
they should have had no trouble seeing the difference 
between a mid-30's bank angle and a 90. The incident 
began with the plane a half-mile from the tower, and 
ended with an impact less than a mile farther away. 
The 90 degree bank is physically impossible. So why 
did the vertical bank become the official view? 


Two possibilities present themselves. Perhaps in the 
excitement of the moment the tower staff did not clear- 
ly remember the angle, or failed to clearly report it. 
Alternatively, the CAB writers chose to disregard a 
lower bank angle reported by their most credible wit- 
nesses. I find this prospect troubling. It is, however, 
supported by a newspaper graphic published on the 
following day, discussed later. 


Nothing in either report indicates significant disagree- 
ment among witnesses about the bank. The only clue 
is the ALPA comment about the bank possibly being 
stable near the radar antenna. The CAB report men- 
tions no such doubt. 


Witnesses apparently agreed on a gradual descent, 
slightly nose-down. Throttles were found in "flight 
idle" position. The Electra runs at one of a few stan- 
dard fixed RPMs, and engine thrust in the Electra is 
controlled by prop blade angle. So "flight idle" refers 
to the prop setting, not engine speed. In an 80 or 90 
degree bank the plane would be losing height precip1- 
tously, and even in a 60 degree bank the plane would 
be using nearly 90% of the wing lift to sustain the 
bank, be very close to stalling, and would have very 
little for maintaining height. The plane can not have 
been gradually losing altitude if it were in a vertical 
bank. 


Relatively few of the witnesses would have been at the 
plane's nine or three o'clock position, presuming that 
they were at random positions around the airport. So 
most of them should have had additional clues from 
seeing the wing's visible slant. 
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If we weigh equally the different aspects of witness 
testimony regarding bank inception, flight path, and 
bank angle, and take into account the turn radius and 
computation results, the preponderance of evidence at 
this point says that the reports got the angle wrong. I 
don't assert that the witnesses got it either right or 
wrong, but only that the correct description didn't end 
up in the reports. 


With an incorrect report as our starting hypothesis, and 
given the apparent total absence of aileron control, we 
might consider a mechanism that would have leveled 
the bank. I've discussed this with several pilots, who 
have uniformly assured me that the crew would have 
applied full left rudder, and that this alone can have a 
substantial effect on inducing or countering a roll. The 
effect is greater in swept wing planes, I'm told. 


No one was willing to make specific estimates for the 
rudder effect in an Electra - that is, to estimate how 
much this would affect the bank and turn radius. They 
said the only way I was going to develop more infor- 
mation would be with a simulator, discussed at length 
in later chapters. 


Another possible cause for the reducing bank angle is 
suggested by the CAB report: 


"... tension on the right wing down cable im- 
parts an immediate signal to the aileron 
boost unit for a right wing down control 
movement. These tests also disclosed that if 
the forces on the boost quadrant were re- 
leased, the propensity of the system would 
be to return the ailerons to neutral in ap- 
proximately seven seconds, provided no part 
of the system hangs up or binds. However, 
the tests involving cable separation further 
showed a tendency of the cable connectors ... 
to bind with airframe structure. Because of 
the mechanical advantage of the system, on- 
ly a small hang-up force would hold against 
in-flight airloads and would prevent the aile- 
ron boost unit from returning to the neutral 
position." 


The Flight 


In other words, the CAB is fairly confident that the 
aileron boost did not return to neutral, but realized that 
such return-to-neutral was possible. Because they took 
the position that the bank continued to increase for the 
entire flight, they concluded that the return-to-neutral 
did not happen. 


The flight path geometry, which the CAB had but 
didn't understand, tells us that the turn radius must 
have been increasing after the bank peaked. In the ab- 
sence of affirmative control by the crew, the system 
returning to neutral becomes a possible candidate to 
explain the flight path. If the system was returning to 
neutral, then any rudder inputs would have had in- 
creasing relative effect as the bank angle moderated. 


If this mechanical behavior was part of the mix, then 
the flight amounted to a race against time. The plane 
was losing altitude while the system was returning to 
neutral, and they had a limited number of seconds for 
this to happen. The steeper the bank the faster altitude 
would be lost. So by fighting the bank as it increased, 
they were preserving altitude. Then as the system re- 
laxed, the rudder inputs continued to minimize the 
loss. What they needed was another hundred feet or 
SO. 
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If the system was returning to neutral while the control 
yokes were hard over to the left, then the flight crew 
would have been under the impression that the plane 
was responding slowly to their inputs. They would 
naturally have kept doing what they were doing until 
they ran out of altitude. 


But the aileron settings as evidenced by witness marks 
indicates that the system was not returning to neutral. 
The left rudder is a better explanation in straightening 
the bank, which will become clear in the simulation 
runs. 


I first considered that the bank might be less extreme 
than officially reported when reading about damage at 
the railroad embankment. I will show that the entire 
impact and breakup sequence makes sense only with a 
fairly moderate bank at impact, and I will cover this 
later in the impact sequence. 


But first we need to examine what the crew had to 
work with on the flight deck. After that, we will look 
at the flight again, this time with the aid of a simulator. 


Flight Station Resources 


The crew had four systems that are relevant to aircraft 
handling in this accident: The control column and rud- 
der manual inputs, the corresponding boost packages, 
the autopilot, and the throttles. Understanding their 
decision-making process as they diagnosed the prob- 
lem is part of unwrapping the puzzle. The crash evi- 
dence gives clues to what they were thinking. 


The Electra uses tensioned cables to mechanically 
transmit the control column and rudder pedal displace- 
ments from the flight deck to the ailerons, elevators 
and rudder. The cables run to hydraulic boost packag- 
es near the control surfaces. There is one boost pack- 
age in the fuselage between the wings, and two 
packages at the tail, one for the elevators and one for 
the rudder. From the boost packages the forces are 
transmitted by push-pull rods to the control surfaces. 


The cables to the empennage run in pairs - two sets for 
the elevators, two sets for the rudder, both designated 
‘primary’ in the above image. If either set of cables 
breaks, the other set would be unaffected. There is 
also one pair each for the empennage trim tabs. There 
is only one primary cable pair running to the wing root 
for the ailerons. An unscrewed turnbuckle on a cable 
running from the flight deck to the aileron boost pack- 
age was the cause of the crash. If there had been two 
sets of cables to the wing, there would have been no 
crash. 


The cables control the boost packages. If the boost 
packages are inoperative, the boost can be disengaged 
by handles in the cockpit on the floor at the rear of the 
control pedestal. The three handles disconnect one 
boost package each. The handles are covered by a 
door to protect them from being stepped on. This door 
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Figure 5 Electra Flight Station 


is required to be open during takeoff, but may be 
closed at other times. Making sure the door is open is 
on the final checklist before takeoff. 


If the handle is pulled to turn the boost package off, it 
simultaneously alters the leverage of the flight controls 
by mechanically reconfiguring the cockpit control 
linkage to the cables. The flight surface range of mo- 
tion is reduced by about half, and the leverage of the 
cockpit input is increased. This combination gives 
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enough movement of the flight surface to control the 
plane under reasonable circumstances, while requiring 
considerably more effort on the part of the crew to 
make it work. 


If the control surface linkage is under load, the boost 
disengage handle might be difficult or impossible to 


pull. The following page fragment is from a QANTAS 


operating manual. I don’t know what the NWA manu- 
al would have said in this respect. 
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The autopilot controls the boost packages hydraulical- 
ly, completely bypassing the tensioned cables. When 
the autopilot is engaged, it sends commands electrical- 
ly to an autopilot hydraulic actuator, which then sends 
hydraulic pressure via piping to the three boost pack- 
ages. 


Each of these three systems - the cabling, the boost 
packages, and the autopilot - have a fall back proce- 
dure for coping with their being out of service. If the 
autopilot is out of service, the plane is flown manually. 
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If one or more boost packages are out of service, the 
corresponding disengage handle is pulled and the cor- 
responding cockpit column/pedal requires additional 
force to operate. If the cabling is out of service, the 
autopilot is engaged, the boost is left engaged, and the 
autopilot operates the flight surfaces using the boost 
package and bypassing the cabling. The plane is then 
flown using the autopilot panel manual inputs. 


For Flight 706, the autopilot was carded inoperative 
pending a required modification. Beyond that, the re- 
ports are not explicit about its condition at flight time. 
There is no comment whether any part of that work 
had been started or any parts had been removed as part 
of that modification. The investigators would have 
known that, of course, but at this late date with no doc- 
umentation the information is hidden from us. If the 
components were all present, it might have actually 
worked if it were turned on. At this point we have no 
way of knowing, and we have no indication whether 
the crew would have known either. 


The final control system available to the crew was the 
throttles. Electra engines run at essentially two 
speeds - about 10,000 RPM (“low rpm taxi”), and 
about 13,500 for everything else including normal taxi. 
Engine thrust is determined by the propeller blade an- 
gle, and this responds very quickly to changes at the 
flight station. Increasing the engine thrust doesn’t re- 
quire spool-up time, and this is said to give the Electra 
excellent wave-off characteristics. “Throttles” in this 
analysis therefore means propeller pitch. 
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Throttles are relevant to this crash for two reasons. 
First, it was noted by witnesses that the plane was low- 
er and slower than a typical Electra take-off would be. 
The plane never got above about 300 feet or above 
about 165 knots. This sparked questions about engine 
trouble, and it was a major early focus of the investiga- 
tion. Remarkably, the issue is not even addressed in 
the final reports. 


Second, increasing the throttles on the low wing in an 
unwanted bank is a known way to increase lift on that 
wing by increasing airflow over it. Most of the Electra 
wing area is swept by prop wash, making this effect 
relatively stronger. Since the Electra responds quickly 
to throttle changes, the throttle settings were of great 
interest. 


Given these control inputs, we can try to put them in 
perspective for Flight 706. 


The flight was cleared for a “toll road departure” 
which is local jargon for a right turn immediately after 
takeoff. The plane started a gradual right turn near the 
8,000 foot mark of the runway. Witnesses reported 
that the bank continued to steepen. 


A standard rate turn is three degrees of turn per second, 
or about a 25 degree bank at about 150 knots. This 
takes about a three degree right aileron up deflection to 
initiate at a rate that can be called gradual. The same 
turn could be initiated more quickly with a greater de- 
flection, but in an airliner carrying passengers the crew 
would be trying for a smooth ride. This deflection was 
confirmed by witness marks after the crash. 


From the CAB report: Components of the ai- 
leron primary control system, from the aile- 
ron boost unit to the ailerons, were damaged 
and broken in numerous places. Neverthe- 
less, examination of this part of the aileron 
primary control system disclosed no evi- 
dence of any malfunction or failure prior to 
impact. However, impact marks made on 
the inboard closing rib of the right aileron 
indicated that the right aileron was deflected 
upward three degrees, corresponding to a 
flight control position of right wing down. 


At some point near that initiation of the bank or soon 
after, the cable parted when its turnbuckle finished un- 
screwing. Lockheed conducted tests of how this 
would feel to the crew, by severing the cable while a 
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pilot had hands on the control yoke. The change was 
essentially imperceptible on the ground. 


If the fitting had parted in level flight, it would have 
resulted in an immediate bank to the right. From the 
CAB report: When the cable severed, an immediate 
signal was imparted to the boost input calling for 
right wing down. And later: if a sudden disconnect 
or failure occurs in the copilot's cable, the rigging 
tension in the pilot's cable will displace the boost 
unit's input quadrant, thereby imparting a signal to 
the aileron boost unit for a right wing down move- 
ment. 


But this flight was making a planned right turn, and 
the cable was already calling for right wing down. I 
don't know whether an additional control force would 
have been sent as the cable parted, but even if so, that 
might have been taken as nothing more than vagaries 
in the wind. This is the first of two ways the planned 
bank hid the emergency from the crew. 


Slightly before the desired bank is achieved, the pilot 
flying would start to return the ailerons to a more neu- 
tral position, and would then maintain that bank until 
rolling out on the desired heading. At that point in this 
incident (when the bank continued to increase) they 
would have first realized they had a problem. So they 
were in about a 25 degree bank before they were aware 
of anything being wrong. This was about 11 seconds 
into the turn, and they had about 21 seconds left. The 
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actual emergency began an unknown number of sec- 
onds earlier, but the crew were unaware at the time. 


This sets up the problem faced by the crew. The pilot 
flying would have first eased the wheel, then turned 
harder left, and within very few seconds would have 
had it at hard left. They now had the wheel hard over 
to the left, and were getting no response. My dad be- 
ing the captain, if he were not already the pilot flying 
he would have taken over at this point. 


Early in the investigation we heard of a suspicion that 
the autopilot had powered up and taken control. This 
is a personal recollection of discussions my mom had 
with pilot friends, and I see nothing in the official re- 

ports or newspapers. 


There was no cockpit voice recorder. A scrap of con- 
versation was recorded on the control tower radio say- 
ing “still don’t [get] release”, which might have 
referred to the autopilot, but there is a more likely ex- 
planation below. This transmission is what sparked 
the speculation about the rogue autopilot, shortly after 
the crash. The CAB ended by essentially dismissing 
this issue. 


From the CAB report, pages 8 and 9: Al- 
though it could not be definitely determined 
whether the autopilot engagement switch 
was on or off, several arced leads were 
found in the autopilot circuitry indicating 
the presence of electrical energy at impact. 
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However, the autopilot engagement pistons 
in all three control surface booster units 
were found in the “off” position. The auto- 
pilot was placarded “inoperative” by the 
carrier pending performance of a required 
modification. 


If they suspected a problem in the autopilot, they 
would have turned it off. The QANTAS manual for 
this procedure is a verbatim match to an Eastern manu- 
al, so it’s likely the same as the Northwest manual. If 
the “still don’t [get] release” referred to the autopilot, 
they would have taken all the recommended steps. 
This includes switching off power at the breaker. 
Since the investigators found evidence of autopilot 
power, we can be fairly confident this was not done, 
and they did not think they had an autopilot problem. 
Alternatively, the autopilot was energized during the 
course of the impact sequence. 


I hypothesize then that their initial diagnosis was a 
problem in the control system, which covers the ca- 
bling and boost units. 


The boost for each system is disengaged by pulling the 
disengage handle. That handle is not then returned to 
the engaged position, but is left pulled up. To reen- 
gage the system, the engage handle is pulled. This will 
return the disengage handle down to its off (engaged) 
position. 


The boost disengage handle for the ailerons was found 
in the wreckage to have been pulled. The handles for 
the elevators and rudder were found in their engaged 
position. The CAB did not fully trust this evidence 
due to the destruction in the cockpit. Even so, this is 
what the crew should have done in this situation. 


The QANTAS manual warns that the boost may be 
difficult to disengage when under load. Of several 
manuals I found, this warning was only in the QAN- 
TAS manual. We don’t know if the crew here would 
have known of this issue. 


We may assume that their first act was to try to discon- 
nect the aileron boost. Being in an increasing right 
bank, they might have been reluctant to return the 
wheel to neutral or even slack it some, even if they had 
known of the caution about disengaging under load. 


They would have been totally unaware that the cable 
system was not in fact under load, and we don’t know 
whether they had been trained that disengaging was 
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problematic when under load. At any rate, their first 
attempt to disengage the boost would have seemed in- 
effective. 


They might have thought that the boost did not disen- 
gage due to the system being under load, and would 
then have perhaps backed off the hard left wheel to try 
to free the disconnect. Alternatively, they didn’t try 
slacking it and simply attempted again to disengage. 
Another try (pulling the engage handle and then disen- 
gage again) would have gained nothing. This may 
have been the meaning of “still don’t [get] release”. In 
common usage, the “still” suggests something that was 
tried more than once or had multiple steps. 


The Qantas manual further instructs to pull all boost 
handles off if one cannot be disengaged. That does not 
appear to have been done in this instance, but due to 
impact damage the CAB did not fully trust this evi- 
dence. I don’t know if that was not instructed in the 
NWA manual, or if it was done but the handles were 
moved in the course of the impact, or if they didn’t do 
it. It's possible this was the next step they had in 
mind, and just ran out of time. More on that later. 


Given a problem with the boost package, the preferred 
solution is to use the manual controls on the autopilot, 
since this bypasses the cabling. The arcing damage in 
the autopilot indicates that it probably had power dur- 
ing the crash, though it’s possible it was energized in 
the course of the breakup. I don’t know if ‘placarded 
inoperative’ necessarily means switched off at the 
breaker panel. 


We can consider whether they tried to use the autopi- 
lot, since they apparently didn’t think it was part of the 
problem. If (when marked inoperative) it should have 
been turned off at the breaker but was not, this might 
indicate they tried it. 


In the section on the flight simulator, I’1l show that the 
best match to the observed flight profile comes from a 
gradual flattening of the bank. If they were using the 
autopilot to bypass the cabling, such a moderate flat- 
tening of the bank is probably what we would see. 
Since the autopilot itself would be unaware of their 
critical state, and would be in manual mode, it would 
initiate fairly smooth outputs in response to panel in- 
puts. That makes a good fit to the flight path. 


But there is evidence that they did not try to use it. All 
the autopilot hydraulics at the three boost packages 
were in the disengaged position, and it seems too re- 
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mote to say all three were disengaged by impact forc- 
es. To use the autopilot, the boost control handles in 
the cockpit are to be left engaged, and the only one 
that appeared to be disengaged is the one they really 
needed to leave engaged if they were using the autopi- 
lot. 


Further, if the autopilot were in the process of correct- 
ing the bank, it should start by returning the ailerons to 
a neutral position. But the right aileron at impact was 
in an appropriate setting for initiating a gradual right 
turn. If it was being corrected by the autopilot at im- 
pact, then they must have initiated the right turn with 
quite a bit of aileron deflection, and this does not 
match the witness descriptions of a gradual bank. 


There appears to be no evidence that they tried to use 
the autopilot. Perhaps the crew thought the autopilot 
was completely inoperative, or didn’t think of it, or 
they didn’t feel there was time for it. This was the era 
of tube-operated equipment, and startup time for the 
autopilot might be measured in minutes, not seconds. 
We can estimate the time they had for the diagnosis. 


The CAB report of the final transmission says it was 
seven seconds long, and the ALPA says this transmis- 
sion ended at the impact. That means this transmission 
started about 16 seconds into the emergency, and it 
means that at this point they still thought they had a 
problem releasing the aileron boost unit. 


From the CAB report: Following acknowl- 
edgment of takeoff instructions, no further 
radio transmissions were made by the crew 
until the aircraft had gone into a steep bank 
of 30 to 45 degrees. At this time the crew 
transmitted its last message. The transmis- 
sion was seven seconds long, delivered rap- 
idly in a high-pitched voice, and was poor in 
signal quality. The control tower recording 
of this communication was studied by the 
Bell Telephone Laboratories and the Dicta- 
phone Corporation. As closely as could be 
determined it was, “We’re in trouble (break) 
us and all units holding this is Northwest 
alert. I still don’t have release right turn in 
no control (intake of breath) (garbled 
phrase).” The first two words of the garbled 
phrase may have been “can you?” Or “have 
you?” 
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The turn and bank computation suggests the plane was 
at a 45 degree bank about 18 seconds into the turn, 
with about 16 seconds left to run. The CAB is almost 
certainly incorrect in correlating the transmission to a 
45 degree bank. That angle was reached about seven 
seconds into their recognition that they had an emer- 
gency, though the actual cable failure may have been 
considerably earlier. The flight simulator will show 
that they were in about a 60 degree bank about seven 
seconds before impact, which was the start of the final 
transmission. 


Given the difficulty witnesses showed in estimating 
the bank angle, the CAB description of the bank (and 
relating it to the timing of this sequence) is not unrea- 
sonable. But the duration of the transmission was 
known, and breaking down the phrases tells us that 
disengaging the boost was still their major concern 
about five seconds before impact. 


This means there was an interval of maybe 14 seconds 
between recognizing they had a problem and begin- 
ning the final transmission. Whatever their response 
was, it has to fit in here. 


It is customary that the captain is in command in an 
emergency, immediately taking control if he is not the 
pilot flying when the situation commences. I don’t 
know who started the flight, but it’s virtually certain 
that my dad was in control during this interval of about 
14 seconds. 


The boost handles are at the rear of the pedestal at 
floor level on the left side. I don’t know if they’re 
reachable from the left seat, but at any rate Dad would 
have had his hands full with the wheel. So disengag- 
ing and re-engaging the boost would have been done 
by the flight engineer Wayne Fuller, and it needs to be 
commanded by voice. 


The entire sequence would then consist of my dad’s 
command to disengage the aileron boost, Wayne 
would pull the handle, and Dad would try to feel the 
result. This feels like three to five seconds, partly de- 
pending on what Wayne was involved with at the point 
Dad called for disengaging. Dad would have then told 
Wayne to re-engage and disengage again, and then 
Dad would again test the control feel, all of which 
feels like maybe another five seconds. On the second 
attempt perhaps Dad eased the wheel a bit, if he knew 
of the disengage-under-load issue. This script more or 
less takes up the 14 second interval. 
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The manual says to disengage all boost units if there’s 
a problem with one. Since only the aileron boost han- 
dle was found in the disengage state, if they disen- 
gaged the rudder and elevator as a test, they must have 
then re-engaged them. There doesn’t seem to be 
enough time for this. 


Using the autopilot might possibly have saved them, 
but we don’t have enough information to know. We 
can’t tell that the parts were there, or that the crew 
would have known that. I suspect that the autopilot 
was mentally deleted from their options right from the 
start since they were told it was inoperable. 


This illustrates the difficulty of staying on top of a 
multi-faceted problem under stress. To step aside from 
the boost disengage issue and consider using the pre- 
sumably nonfunctioning autopilot is quite a bit to ask 
of them. I don’t know the autopilot availability delay 
from a cold start, but if they even thought of it they 
may have felt there wasn’t time for the experiment. It 
seems more likely that at this point they were still fo- 
cused on the apparent failure of the boost disengage- 
ment, and never thought about the autopilot at all. 
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The final topic in flight station resources covers the 
throttles. After I completed this document, the largest 
remaining questions revolve around the airspeed and 
the crew’s handling of throttles. 


Most witness statements about the flight agree that the 
plane was unusually low and slow. Common adjec- 
tives are that it faltered or staggered, dragging the right 
wing low. It clearly did not accelerate or climb at a 
normal rate. 


From the CAB report: No witnesses were 
found who observed the actual lift-off. 
N137US was observed after lift-off, 3,000 to 
4,000 feet down the runway at an estimated 
altitude of 50 to 75 feet and in a normal 
climb attitude. 


At the 8,000 foot marker the altitude of the 
aircraft was estimated to be approximately 
100 feet, which is a slightly lower altitude 
than Electra aircraft normally attain at this 
point in the take-off. Five witnesses noted a 
change in engine sound during this portion 


Chicago Tribune 


Sept 19, 1961 


Remains of an Allison turbine en- 
gine assembly, with most of the 
propeller blades still attached 
when found at the crash scene, 
pointed strongly yesterday toward 
power failure as a basic cause for 
the Northwest Orient Airlines 
Electra crash new O’ Hare field 
early Sunday. 


All 37 persons aboard perished in 
a peculiar accident that occurred 
within 60 seconds after the craft 
lifted into flight. Its right wing 
was “dragging” according to ex- 
pert witnesses, almost as soon as 
the landing gear was retracted. 
The machine rolled slowly into a 
vertical right ban at a height of on- 
ly 300 feet before it struck the 
earth. 


Slowness a Puzzle 


Interest of the various investiga- 
tive groups in the engines and pro- 
pellers of the four-engined 
turbine-propeller plane was roused 
by two points. First was its failure 
to achieve a normal 2,000 feet a 
minute climb rate; second was its 
failure to accelerate much beyond 
an estimated 150 to 160 mile an 
hour. 


Both are indications that power 
was not being delivered. Ordinari- 
ly the Electra is flying at 270 miles 
an hour within a minute or two 
after take-off, but this Northwest 
machine had covered only a flight 
path of two miles in one minute. 
This averages, after take-off, about 
120 miles an hour. 


Special interest in the engine-pro- 
peller assembly found at the crash 
site lies in the fact that the huge 


18-inch wide blades, each one six 
and a half feet long (diameter for 
the whole propeller 13 feet 6 inch- 
es) were still together. 


Engine Usually Shattered 


It has been found in previous air- 
plane crashes that whenever an 
engine delivering high power to a 
propeller strikes the ground, both 
engine and propeller are torn apart. 
Blades are shattered by their own 
rotative forces, and engines are 
broke within. 


The engine and propeller combina- 
tion found in the slough at 
O’Hare’s southwest corner were 
much too intact, experts of the 
Civil Aeronautics board’s power 
plane committee think. These two 
may provide evidence to support 
the “power failure” theory ad- 
vanced soon after the tragedy. 
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of the flight. Between the 8,000 and the 
9,000 foot runway marker the aircraft was 
observed to commence an apparently coor- 
dinated right turn with a slowly increasing 
rate of bank. 


As reported by the Tribune early in the investigation, 
the apparently slow takeoff and climb (and the 
strangely intact powerplants) suggested that low pow- 
er might be an important cause. 


From the CAB report: To assist in develop- 
ing a flight profile based on the actual oper- 
ation of Electra aircraft, tower personnel, 
at the request of Board investigators, con- 
ducted a survey of 44 Electra take-offs. 
These take-offs were sampled at random, 
and were all observed when using runway 
14R. The survey disclosed that the average 
lift-off was made when these aircraft were 
approximately 4,000 feet down the runway, 
and that when they reached the 8,000 foot 
marker, their altitude and airspeed indica- 
tions were about 280 feet and 158 knots re- 
spectively. The airspeed was based on 28 
pilot reports given to the tower. 


The CAB characterizes the N137US altitude as 
“slightly lower”, but in fact it’s extremely low at that 
location, and approximately a third of the normal alti- 
tude for an Electra. The plane gained only 25 to 50 
feet in height from when it was seen 4,000 or 5,000 
feet earlier in its flight. This is essentially level flight. 


Even though this seems hard to believe, we can prob- 
ably trust the estimate at the 8000 foot marker. The 
tower controllers at present are at a height of 200 feet, 
and in 1961 were in an earlier tower (pictured here) 
whose height looks like about 100 feet, both towers 
being near the 8000 foot mark of 14R. At that height 
they would be able to evaluate the plane as either be- 
ing above the horizon or not, which to them would be 
an aircraft altitude of 100 feet, and this benchmark 
should make their estimate reliable. 
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Given the estimates, we can choose from three scenari- 
os for the time when the plane was still over the run- 
way. Either it lifted off much later than the 4000 foot 
mark, or the tower estimate was badly wrong, or it 
gained only about 25 feet in 4000 forward feet. It 
seems most probable to say they lifted off later than 
witnesses reported, but it clearly was climbing very 
slowly. 


In addition to noting the low height, the investigators 
were intrigued by the fact that the engines held togeth- 
er. The picture here shows a Southwest Airlines Elec- 
tra that ran off a taxiway on December 28, 1961. 
These engines would have been running at the same 
speed as those of N137US. The Chicago investigators 
would probably have seen this incident, being in their 
field of interest, and this might have changed their 
minds about the robustness of the Allison engine and 
propeller combination. 


Even so, the CAB doesn’t address the the reason for 
the flight unusually low profile. The power concerns 
were virtually dismissed: It appears reasonable to 
assume that the pilot, upon realizing that a crash 
was imminent, abruptly reduced power shortly be- 
fore impact. 
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I suspect that any concern about the available power 
was put on the back burner once the culprit parted ca- 
ble was found. Like the impact sequence errors that 
were left in the official reports, this was no longer 
viewed as critical. But the low airspeed was the main 
reason that the crew could not recover from the bank, 
and this becomes clear in the flight simulation. 


I remain completely at a loss to explain the low and 
slow takeoff, or why the topic was essentially dropped 
from the reports. 


One subject not covered here is the empennage control 
surfaces - the rudder and elevators. These will be dis- 
cussed at length in the section on the flight simulator. 
The simulator data suggests that rudder inputs must 
have been made, and physical evidence tells us they 
were in fact applying hard left rudder. 


If they had disengaged the rudder boost, they would 
have lost half its range of motion. As the flight simu- 
lation will show, this would have been immediately 
fatal. So we have three alternatives for the fact that 
only the aileron boost was disengaged: The NWA 
training didn't call for disengaging other units; Dad 
hadn't gotten that far in his attempt to recover the situ- 
ation; or he decided he couldn't afford to lose the rud- 
der authority. 


Regardless of the exact reason for not disengaging the 
rudder boost, the evidence of its use means that they 
were simultaneously following at least one other line 
of thought to salvage the situation. 


Flight Simulation 


After discussing this with several pilots, their consen- 
sus was that my best option for understanding the 
flight dynamics would be with a flight simulator. 


The maneuver that Dad was trying to make, or the un- 
wanted maneuver he was trying to avert, was not 
something that any airline training would cover. No 
pilot would attempt to do this in any normal airline 
operation, and no one could guess how it might work. 
All agreed that he would have been using maximum 
left rudder, but no one would attach numbers to that 
scenario - neither the effect on the bank nor the turn 
radius. 


There are several areas where simulation can shed 
some light: 


1. Can the model clarify the chances of knife-edge 
(or near-knife-edge) flying being a feasible expla- 
nation for a reported vertical bank? 


2. What is the rudder’s effect on the turn radius for 
any given bank angle, and does that affect how the 
plane got to the impact point? 


3. How much of a bank will extreme rudder travel 
induce, or how much of an unwanted bank can the 
rudder counter? 


4. What does the simulator tell us about the possi- 
ble candidate flight paths for Flight 706? 
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I used X-Plane, which appeared to be the best simula- 
tor for my purposes, and used a L188C model written 
by David Starling. The manual says the Electra at the 
conditions for Flight 706 should stall about 110 knots, 
and the model does. The maintenance manual says the 
rudder can deflect 30 degrees right and 25 left, and the 
model has it exactly. 


The model appears to be an accurate representation, 
and we can probably take its behavior to be correct 
within a smallish percentage of error. I can’t quantify 
the error, but this model is obviously not going to be as 
sophisticated as tools currently used for aircraft devel- 
opment. It is far beyond any tools available to the in- 
vestigators in 1961. I'd be interested in hearing from 
pilots about the feel of the model. 


X-Plane does not calculate fluid dynamics. It uses the 
defined airfoils for the wings and empennage, along 
with the shapes of the fuselage and other components. 
It calculates lift and drag using angle of attack and air- 
speed. So it can be taken as only an approximation for 
any aircraft, and is nothing like an advanced simulator 
targeting a specific plane or a supercomputer calculat- 
ing fluid dynamics. It is good enough that X-Plane is 
often used to prototype new designs and simulate their 
behavior before building physical experimental planes. 


Flight Simulation 


The first question is whether an Electra can knife-edge 
fly. Hand-flying the model is enough to tell is it can do 
so at any speed over about 250 knots. At lower speeds 
there isn't enough airflow over the rudder to get the 
nose up. I've run a number of tests, all starting at 5,000 
feet over Puget Sound, to show the height used in re- 
covery. Flight 706 was never above 1,000 feet, so 
these results are approximately representative. 


My tests start at 160, 200, 250 and 300 knots, and I 
throttle up as needed as soon as the bank goes vertical. 
At 160 knots the plane has no chance, and is essential- 
ly in free-fall for the first 500 feet. At a starting 200 
knots after a few tries I could get to 250 knots about 50 
to 150 feet over the water. Starting at 250 or faster the 
plane had no trouble at all. 
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For these and later tests, I use a program plug-in to 
monitor data values within the simulator and present 
them in a window superimposed on the camera view. 
The data shown depends on the control mode for the 
simulator. The hand-flying data is shown below. 


This maneuver is in violation of limitations as given in 
the operations manual. I don't assert that an actual 
Electra could do this, either the structure standing the 
strain or the fuel system delivering fuel. The point is 
to show that it's not a possible explanation for the 
flight of N137US. 


Knife Edge Flying starting at 250 knots is no problem 


Turn Rate -0003.3719 
IAS kts 251.9185 
TAS kts 0281.4223 
Height MSL 5311.3929 
Climb ft/min 1228.4180 
Pitch Deg 18.2203 
Bank Deg -94.2112 
Rudder Defl -23.9706 
Aileron L Defl -9.9681 


Aileron R Defl 
Elevator Defl 


5.9809 
1.6890 


LANDING 
GEAR 


PULL TO 
RELEASE 


Flight Simulation 


Knife Edge Flying Starting At 160 knots 
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The nose immediately drops. As the plane descends, it picks up speed and may become controllable given 
enough height. This sequence started higher and the plane has already dropped nearly 1,000 feet while picking 


up speed. 


ca 


te 
aa 
oO a 


Turn Rate 

IAS kts 

TAS kts 
Height MSL 
Climb ft/min 
Pitch Deg 
Bank Deg 
Rudder Defl 
Aileron L Defl 
Aileron R Defl 


Turn Rate 

IAS kts 

TAS kts 
Height MSL 
Climb ft/min 
Pitch Deg 
Bank Deg 
Rudder Defl 
Aileron L Defl 
Aileron R Defl 


7 _ Elevator Defl 


-0007.2846 
168.0285 
0184.5372 
4117.3543 
-1789.8946 
5.9740 
-91.0721 
-23.9706 
-22.0160 
13.2096 
-2.6642 


RELEASE 


-0005.0244 
223.1142 
0241.4201 
2893.7291 
-12137.7162 
-14.9833 
-81.4175 
-23.9706 
-14.6889 
8.8133 
-3.8298 
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Knife-edge flying depends on the rudder. With the 
rudder typically at the rear of a plane, its purpose is to 
swing the plane tail in the opposite direction to the 
desired travel. This is how elevators work too, con- 
trasting with early elevators as the Wright brothers 
built them at the front of the plane, where they lifted 
the nose to go up, instead of depressing the tail as 
they now are typically arranged. So to turn left the 
minimal requirement for the rudder is that it can exert 
enough force to push the right side of the fuselage 
into the wind, so to speak. 


In balanced turns, the plane is banked so that the per- 
ceived “down” is directly perpendicular to the floor. 
In an unbalanced turn, the bank may be so shallow 
that the plane feels like it’s skidding, and the passen- 
gers feel like they’re in a car going around a turn and 
pressed to the outside of the turn. Alternatively, the 
bank may be too extreme and the passengers would 
feel like they’re sliding to the inside of the turn. 


The flight crew normally makes only balanced turns, 
using slight rudder to match the bank angle and turn 
radius. In the Electra and as is typical, there is a 
spring-loaded (or now perhaps electronic) linkage be- 
tween the wheel and the rudder pedals, so that the 
correct rudder is automatically applied and the pilot 
need not touch the rudder pedals at all. Pilots tell me 
it’s common to fly entire trips with their feet on the 
rudder pedals only during takeoff and landing. 


Page 52 


Pilots have described the rudder as the most powerful 
control surface on the plane. In fact, putting the rud- 
der hard over in level flight can flip the plane com- 
pletely over. This is the result of three forces, which 
I'll describe as if this is a hard left rudder. First, by 
levering the right side of the plane forward, the right 
wing is forced to travel more quickly through the air, 
gaining lift. Second, this puts the plane going slightly 
sideways through the air, which puts the left wing in 
the “air shadow” of the fuselage, with less air able to 
reach it. Third, since aircraft wings typically have a 
slight upward slope toward the wingtips on each side, 
the right wing’s wingtip is poised to get oncoming air 
forced under it. These three forces will flip a plane 
like a hydrofoil getting too much air under it will flip 
over. 


Knife-edge flying is typically done as an intentional 
aerobatic maneuver. The pilot wants to maintain the 
vertical attitude, so he’ ll use the ailerons to maintain 
the 90 degree bank and counter the rudder’s tendency 
to roll the plane. The remaining useful force is the 
rudder’s ability to push the side of the fuselage into 
the airstream. In this situation, the goal is to keep the 
nose pointed up, and use the entire side of the fuse- 
lage as the cross-section against which the airstream 
is pushing. The wings give no lift at all. 


Turn Rate -0002.5301 
IAS kts 246.5625 
TAS kts 0271.8374 
Height MSL 4343.8509 
Climb ft/min -0864.8263 
Pitch Deg 13.6933 
Bank Deg -86.9248 
Rudder Defl -23.6867 
Aileron L Defl -11.8167 
Aileron R Defl 7.0900 
Elevator Defl 0.9563 
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A plane has a center of gravity and a center of air 
pressure or lift. In level flight the center of pressure is 
defined by the total surfaces (airfoils and angle of at- 
tack and corresponding lift) of the wings, the horizon- 
tal stabilizers, and the fuselage. The center of lift and 
center of gravity are intended to be near the same 
point, so that minor control inputs are enough to keep 
the plane level or angle it nose-up or -down. 


As seen from the side, the surfaces against which the 
airstream is pushing consist of the fuselage and the 
vertical stabilizer, while the wings and horizontal sta- 
bilizers are essentially invisible to the airstream. The 
vertical stabilizer is tall and thin, with a large cross 
section and little mass. This puts the center of pres- 
sure well behind the center of gravity as seen from the 
side, so a plane flying on a knife edge wants to drop 
the nose. 


A quick and dirty approximation of the center of pres- 
sure can be found using a cutout of the plane’s side 
view. This cutout can be balanced across an edge, 
and the balance point is roughly the center of pres- 
sure. This doesn’t take into account the turbulence 
and resulting drag caused by the sharper edges of the 
vertical stabilizer compared to the rounded fuselage, 
so it’s a very rough value. Model rocketeers use this 
as a sanity check on new designs. 


Knife Edge Flying - CG 


Permissible CG for N137US 
At 93,000 Ibs gross weight _ 
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The purpose of the rudder in knife edge flying is to 
exert enough force downward on the fuselage to push 
the rear fuselage down into the airstream and lift the 
nose. The center of pressure is the fulcrum against 
which the rudder is pushing, and the distance from the 
rudder to the center of pressure gives an indication of 
the leverage the rudder has. The distance from the 
center of pressure to the center of gravity gives an 
idea of the amount of weight that must be lifted on 
that fulcrum. 


When the nose is levered up, the entire side of the fu- 
selage then acts as an airfoil and keeps the plane up. 
So the key to knife-edge flying is the force that the 
rudder can exert opposite to the direction the pilot 
wants the nose to move. For an aerobatic plane with a 
big rudder this is a trivial exercise, but for an airliner 
not designed for this maneuver, it may take consider- 
able airspeed for the rudder to be able to exert enough 
force. 


The graphic below tells us that the rudder of N137US 
needed to exert a force of about twelve tons to lift the 
nose and achieve knife-edge flight. The simulator 
says this can happen only above about 250 knots. 


We will return to knife-edge flying when discussing 
the crew’s tools for countering the unwanted bank. 


, Balance and Forces 
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Flight Simulation 


The remainder of the initial simulator tests were done 
under control of a program harness. My approach to 
flying the simulator under program control is covered 
by a note in the appendix 255. The note discusses the 
simulator Application Programming Interface (API), 
the plug-ins used, the external language, the scripting 
approaches needed, and the setup for flying and cap- 
turing video. It also covers validating the simulator's 
flying characteristics within the range needed for rec- 
reating the flight of N137US. 


My first scripted tests were to determine the effect of 
rudder inputs on the turn radius. Understanding the 
turn radius is critical in mapping the flight and back- 
calculating from the impact point to the start of the 
emergency. I ran a series of tests with the script 
maintaining height, speed and bank angle while the 
rudder inputs were varied. At each rudder setting, the 
program ran multiple circles and I averaged the re- 
sults. 


In the simulator images shown previously, the harness 
was passively monitoring the plane. In the following 
images the harness is flying the plane. Either way, 
the harness reports on the plane (and control inputs 
where applicable) in a window overlaid on the simu- 
lator screen. 
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In these tests I specified a fixed rudder deflection and 
the bank angle to be maintained. At each rudder set- 
ting, the harness altered the aileron deflection to 
maintain the target bank value. The harness restarts a 
clock each time the plane points north, and on com- 
pleting each circle it computes the radius from the 
elapsed time and TAS, as well as from the latitude 
and longitude upper and lower limits. The key output 
data consisted only of the turn radius. This will con- 
trast later with tests to determine how much of a bank 
the rudder can counteract. 


In a shallow bank a moderate rudder deflection can 
have a profound impact on turn radius, but as the 
bank angle increases the effect of that rudder deflec- 
tion drops off dramatically. In a 25-degree 310-knot 
turn, a neutral rudder gives a turn radius under 
20,000', while 6 degrees of opposing rudder gives a 
radius of 57,000', approximately tripled. A 55-degree 
310-knot turn with neutral rudder gives a turn radius 
about 6,400', while 6 degrees of opposing rudder 
gives a radius of 11,600', or not quite doubled. 


In a shallow bank, the rudder deflection can com- 
pletely cancel the turn and even reverse it, such that a 
plane banking right can be turning to the left. Ina 
steeper bank, extreme rudder deflection can straighten 
the turn such that the radius becomes infinite. Where 
the turn radius becomes infinite, and the plane is fly- 


Clock 0097.6178 
Heading 223.3493 
Turn Rate 0002.4576 
IAS kts 254.6965 
TAS kts 0260.1013 
Height MSL 1487.6828 
Climb ft/min 0064.3606 
Pitch Deg 1.7259 
Bank Deg 29.6831 
Rudder Defl 0.1465 
Aileron L Defl 0.2652 
Aileron R Defl -0.4419 
Elevator Defl -1.4045 


Flight Simulation 


ing essentially a straight line while banked right, I 
will call it “bevel flying”. This is the less extreme 
version of knife-edge flying. 


Intentional bevel flying, like knife-edge flying, works 
only because the ailerons are maintaining the desired 
bank angle and are working against the rudder. If the 
ailerons were to return to neutral in intentional bevel 
or knife-edge flying, the plane would rapidly rotate 
about its longitudinal axis, with the caveat described 
below. 


I use left rudder to simplify the following discussion, 
but it works in either direction. 


The simulator says that at 165 knots knife-edge flying 
an Electra is impossible. That is, a near-vertical bank 
is impossible, because the rudder can't lift the nose to 
let the fuselage create lift. But flying level, the rudder 
hard left can flip the plane over by swinging the nose 
left. In a shallow bank the rudder can easily overcome 
even extreme aileron deflection. 


In a shallow right bank there is some small portion of 
the rudder force which is actually lifting the nose, not 
swinging it left. The more extreme the right bank, the 
larger is the nose vector going up and the smaller is 
the vector going left. This is a sine function. At 90 
degrees the entire force is trying to lift up, and it can't 
manage that at 165 knots. 


Think of rudder deflection as a curve of decreasing 
effectiveness correlated to an increasing bank angle. 
At any speed up to about 250 knots, there's going to 
be a right bank angle at (or beyond) which the left 
rudder cannot lift the nose. As long as the nose can't 
lift (i.e. move left) the plane can't roll left by using the 
right wing dihedral and differential leading edge ex- 
posure. 


I ran some experiments with the simulator, and in an 
Electra at about 165 knots and 93,000 gross weight, 
this point is about 55 to 60 degrees, give or take. A 
more extreme right bank can't be countered by the 
hard left rudder, and less extreme can be. 
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If you are at less than a vertical bank (bevel flying) 
the load on the rudder is less. So if you know the 
maximum force the rudder can exert at any given 
speed, the gross weight lets you calc the maximum 
bank angle that the rudder can counter at that speed. 
Using the weight and balance graphic preceding, for 
rudder force X, (3.74*X)/GW = sin(bankAngle). To 
turn that around, sin(55 degrees) = .8, so the Electra 
rudder is exerting a lateral force of about 20,000 lbs 
in a 55 degree bevel flight at 93,000 GW. 


For any given bevel flight angle within the rudder's 
effective range, the load on the rudder will be the 
same, but at higher speeds the required rudder deflec- 
tion will be less. 


Near the maximum bank angle for bevel flying at a 
given speed, the rudder deflection is near maximum 
and the marginal benefit from increasing the deflec- 
tion is minimal. Rudder deflection is a curve of de- 
creasing effectiveness. The first degree of deflection 
may be 50 times as effective as the last degree. 


What this all means is that for an Electra in a mid-50 
degree right bank, it is near the zone where a hard left 
rudder will impart no roll at all. The maximum bank 
is a mushy number, like a stall speed, and should be 
thought of as a small range of values which might or 
might not be recoverable on any given day. 


But as the bank moves down from that point, the rela- 
tive effectiveness of the rudder increases rapidly. So 
a hard left rudder while in the fatal zone may take a 
long time to show any effect. Once the plane starts 
rolling left out of that zone the rudder effectiveness 
becomes geometrically stronger and the roll to the left 
can happen very quickly. It's a bit like rolling a ball 
off the top of a round hill. The roll will be slow near 
the flattened top, but as the ball starts to hit the slope 
it will pick up speed. 


I will suggest that N137US was in this zone of de- 
creased effectiveness, but that the crew was probably 
unaware of the phenomenon. 


Simulating Flight 706 


I hypothesize that N137US hit the railroad embank- 
ment in a bank of approximately 35 degrees. I can't 
prove that, but there's good evidence for it, much of 
which becomes clear further on in the impact se- 
quence. The turn radius and basic path calculations 
are part but not all of my reasoning. 


My thesis is wrong if there is no flyable path from the 
starting position on 14R to the impact point, ending in 
the attitude I've proposed. There are an infinite num- 
ber of possible paths, of course. But if there is not a 
flyable path following my scenario then the scenario 
must be discarded. So this exercise is evidence only in 
the sense that failure to show it would be fatal to the 
case. I don't need to run all possible paths, but I need 
to demonstrate one. 


Further, the sim can be used to play out the scenario as 
described by the CAB. This chapter starts with some 
scripts that re-enact CAB and ALPA statements, to 
demonstrate what a virtual plane would do under those 
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circumstances. If not evidence that I am correct, this is 
at least part of the evidence the CAB was wrong. 


In the sim runs covered in the prior chapter I used a 
goal-seeking model to establish virtual Electra flying 
characteristics. I assigned the plane a height, bank an- 
gle, etc., and the control program was responsible for 
monitoring the plane's flight and adjusting to the speci- 
fication. The control program had to sense what the 
plane was doing. In effect it was an external autopilot. 


In simulating the takeoff and crash flight I use a play- 
back model. I recorded the flight station control inputs 
for pitch, yaw and roll, along with the throttle, gear 
and flaps. These settings are played into the sim plane 
at half-second intervals and the plane flies accordingly. 
I wrote a graphic editing tool to adjust these six con- 
trols so I could alter the timing and degree for each. 
The control program contains a number of these 
scripts, selectable at runtime, to play out different sce- 
narios. 


There is no feedback from the plane to the control pro- 
gram. This means the control program is unaware 
when the plane lifts off. This causes a problem be- 
cause the gyroscopic effect of the props tilting up 


Starting Roll 

The "0 of 183" at the bottom is the zero-based half-second instruction cycle for the script run. 
Clock 0000.0000 
Heading 140.1223 
Rel Heading 0000.0000 
Bearing 0000.0000 
Dist from Start +0000.0000 
Dist Off Rwy 0000.0000 
Dist Along Rwy 0000.0000 
Turn Rate 0000.0963 
IAS kts 6.2331 
TAS kts 0006.4892 
Height MSL 0664.9424 
Height Gnd 0012.9424 
Climb ft/min 0000.0000 
Pitch Deg 0.1682 
Bank Deg 0.3063 
Rudder Defl -0.4406 
AileronL Defl -0.0094 
Aileron RDefl -0.0105 
Elevator Defl -0.1989 


0 of 183 


[Run] Wetch Stop 


Simulating Flight 706 


tends to angle the plane left. This starts at the moment 
of liftoff, but since the control program is unaware that 
the plane has lifted off it cannot automatically correct. 


To compensate for this I had to adjust the inputs to 
simulate feedback, in effect. So the plane is kept nose- 
down until takeoff speed is reached, and then pitched 
up more emphatically than it would in real life to as- 
sure it is clear of the ground at that moment, and then 
pitched back down to simulate the observed climb 
path. Synchronized with that moment of lift off, the 
yaw and roll inputs handle the gyro effect with preset 
adjustments. The slight leftward drift (off the runway 
center line, visible in the videos) is an artifact of this 
adjustment method. 


There are randomizers built into the X-Plane software 
to increase realism, which means each flight contains 
minor perturbations and jiggles. So each time I 
launched the script the results were the cumulative re- 
sult of my preset instructions and the software-induced 
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irregularities. Every time the script runs, the results 
differ in small degrees. 


Conceptually, this is like flying a virtual paper air- 
plane. From the moment of script initiation when 
brakes are released, the plane is beyond adjusting, and 
it flies as the script and the randomizer wind takes it. 


In early tests it was easy to see gross errors in my 
script after a single run. As my script got closer to 
mimicking any desired scenario, the errors became 
harder to detect. A small error in height might be due 
to a small error at lift off, or it might be due to the soft- 
ware randomizer. So toward the end of this exercise it 
might take dozens of runs to find the average result, to 
be confident that an error was due to my script and not 
the randomizer. Due to this, the entire flight path sim- 
ulation exercise took quite a few thousand runs. 


My first sim runs were intended to play out the CAB 
report scenario and see what a virtual Electra would 
do. The CAB described a starting standard right turn 
where the bank continued to increase. 


The CAB Scenario - 1 


The plane has achieved a standard turn rate of three degrees per second in a 30 degree bank. It is just over 200' 
off the runway center line. 


Clock 0046.2932 
Heading 154.4974 
Rel Heading 0014.4057 
Bearing 0141.5498 
Dist from Start 8821.8349 
Dist Off Rwy 0238.5953 
Dist Along Rwy 8818.6078 
Turn Rate 0003.0322 
IAS kts 159.4638 
TAS kts 0163.4837 
Height MSL 1001.6282 
Height Gnd 0336.6282 
Climb ft/min 0027.8438 
Pitch Deg -0.4460 
Bank Deg 30.4593 
Rudder Defi -0.0337 
Aileron L Defl 2.8563 
Aljleron R Defl -4.7867 
Elevator Defl -1.7990 
96 of 159 


Run Stop 


Simulating Flight 706 Page 58 


The CAB Scenario - 2 


The CAB Scenario - 


With the same aileron deflection, it is now clearly in trouble at a 54 degree bank and dropping fast. 


Clock 
Heading 

Rel Heading 
Bearing 


Dist from Start 


Dist Off Rwy 


0052.5584 
181.3945 
0041 .3028 
0145.8764 
10443.5551 
1069.2363 


Dist Along Rwy 10388.6754 


Turn Rate 
IAS kts 
TAS kts 
Height MSL 
Height Gnd 
= Climb ft/min 
§ Pitch Deg 
Bank Deg 
Rudder Defi 
Aileron L Defi 
Alleron R Defi 
Elevator Defi 
109 of 159 
Fun 


Clock 
Heading 

Rel Heading 
Bearing 


0005.4207 
175.3067 
0179.4408 
0873.3433 
0208.3433 
-2022.7133 
-7.8542 
54.0978 
0.0662 
2.8452 
-4.7681 
-2.2915 


It impacts 1650 feet off the runway on a heading of 196, about 2500 feet from the actual impact point. 


0055.0683 
196.0284 

0055.9366 
0148.6209 


Dist from Start 11013.3692 


Dist Off Rwy 


1650.8522 


Dist Along Rwy 10888.9388 


Turn Rate 
IAS kts 
TAS kts 
Height MSL 
Height Gnd 
Climb ft/min 
Pitch Deg 
Bank Deg 
Rudder Defi 
Aileron L Defi 
Aileron R Defi 
Elevator Defi 
114 of 159 
Fun 


0006.2704 
186.7786 
0190.7781 
0724.2129 
0059.2129 
-3804.7165 
-12.6971 
62.8094 
0.0701 
2.8313 
-4.7449 
-2.3019 


Simulating Flight 706 


The CAB scenario of an increasing bank results in an 
impact point about 2500 feet closer to the runway than 
the actual impact of N137US. The sim plane is drop- 
ping at 3800 feet per minute, compared to Lockheed's 
estimate of 1400 feet per minute. The plane attained a 
bank angle of only 62 degrees before it lost enough 
altitude to hit the ground. As shown by my cruder Ex- 
cel calculations, it doesn't seem feasible to reach a 90 
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degree bank using the CAB's steadily-increasing-bank 
concept starting from a standard-rate turn. 


The next question then is to see what it would take to 
reach a 90 degree bank if we use a considerably higher 
roll rate. The following graphics illustrate the prob- 
lem. 


90 Degree Bank - 1 


To reach a 90 degree bank the bank has to start early and fast. Here the plane is only 70 feet off the runway 
center line and is in a 27 degree bank. 


Clock 0047.2735 
Heading 145.3118 

Rel Heading 0005.2201 
Bearing 0140.4326 


Dist from Start 9326.8034 
Dist Off Rwy 0070.4234 
Dist Along Rwy 9326.5376 


Turn Rate 0001.7967 
IAS kts 166.5440 
TAS kts 0169.1246 
Height MSL 1002.7670 
HeightGnd 0337.7670 
Climb ft/min 0238.1429 
Pitch Deg 0.0591 
Bank Deg 27.3750 
Rudder Defl -0.0864 
Aileron L Defl 5.2793 
Aileron R Defi -8.8250 
Elevator Defl -0.4714 


98 of 169 


Run 
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90 Degree Bank - 2 


The prior CAB example was in a 30 degree bank at this distance from the runway, but this one is at 53 degrees. 


Clock 0049.7753 
Heading 154.0759 
Rel Heading 0013.9842 
Bearing 0141.1608 
Dist from Start 10034.4821 
Dist Off Rwy 0203.2867 
Dist Along Rwy 10032.4227 
Turn Rate 0004.5968 
IAS kts 169.8446 
TAS kts 0172.5110 
Height MSL 0993.1139 
Height Gnd 0328.1139 
Climb ft/min -0334.9960 
Pitch Deg -2.8285 
Bank Deg 52.9713 
Rudder Defl 0.0522 
Aileron L Defl 5.2809 
Aileron R Defl -8.8277 
Elevator Defl 0.0027 

103 of 169 


Run Stop 


90 Degree Bank - 3 


The plane impacts about 830 feet from the runway, some 3200 feet from the N137US impact point. 


Clock 0054.3766 
Heading 178.1578 
Rel Heading 0038.0661 
Bearing 0144.2468 
Dist from Start 11270.2485 
Dist Off Rwy 0834.5928 
Dist Along Rwy 11239.3041 
Turn Rate 0004.8829 
IAS kts 190.7924 
TAS kts 0193.1853 
Height MSL 0722.9666 
Height Gnd 0057.9666 
Climb ft/min -5200.8145 
Pitch Deg -20.0466 
Bank Deg 92.6098 
Rudder Defl 0.0980 
Aileron L Defl 5.2356 
Aileron R Defi -8.7521 
Elevator Defl 0.0859 

112 of 169 


Run Stop 


Simulating Flight 706 


These two runs agree with the general result of my Ex- 
cel calculations. I ran multiple variations on both of 
these with consistent results. A run that involves a 
steadily and slowly increasing bank cannot get to the 
known impact point and cannot reach a 90 degree 
bank. A run that achieves a 90 degree bank will be 
even farther from the target site. 


The remainder of this chapter covers simulating my 
proposed scenario. The plane went into a right bank 
and the crew was unable to prevent the bank becoming 
extreme. They were also unable to maintain altitude. 
Yet by the time the plane hit the railroad embankment 
the bank angle was down to about 35 degrees. 


To simulate this we need a backstory. The two main 
questions are: What flattened the bank? Why did they 
lose altitude? We need a backstory because we are not 
simply animating this like a cartoon, putting the plane 
here or there. We are flying it, meaning we have to 
use flight station inputs or other aircraft system func- 
tionality that will cause the sim to play out our back- 
story. My control program feeds the inputs, but the 
sim still has to fly the plane. 


There are two potential candidates for flattening the 
bank. The first (discussed earlier) is that the boost unit 
returned to neutral after the cable parted. As I quoted 
the CAB report earlier: "...if the forces on the boost 
quadrant were released, the propensity of the sys- 
tem would be to return the ailerons to neutral in 
approximately seven seconds, provided no part of 
the system hangs up or binds." 


The best evidence that the boost unit did NOT return 
to neutral is that the cable parted no later than about 50 
seconds into the flight, leaving them with about 22 
seconds until impact. If the unit was returning to neu- 
tral, it was stopped by the cables hanging up because 
the ailerons still showed at impact the deflection ap- 
propriate for initiating a standard right turn. 


The second candidate is the use of opposing rudder. 
There are two ways this could have been implemented. 
The first is that they applied full left rudder but it was 
largely ineffective. The second is that they applied left 
rudder too slowly. 


The prior chapter dealt with bevel flying - being in a 
steep bank with full left rudder and the rudder is barely 
able to hold its own. The maximum bank for N137US 
at about 160 knots and 93,000 GW is in the high 50's 
or low 60's. The angle determined by the sim is an ap- 
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proximation at best. So the plane was close to the 
zone of degraded rudder effectiveness, but we don't 
know whether it was deep in that zone. 


If it was, then full left rudder would have had no im- 
mediate effect. The rudder would have been barely 
able to resist the bank but not able to roll the plane left 
with authority. The plane was the ball on the top of 
our conceptual hill, very slowly starting to roll toward 
the steeper slope. As it reached the downward curve, 
it would roll faster; as N137US started to flatten just a 
little, the bank was moving farther away from the zone 
of degraded rudder effectiveness. The farther from 
that zone the bank angle moved, the more authority the 
rudder had to move it even more, and the plane would 
have rolled left fairly rapidly. 


The second way the counter-rudder might have 
worked is if they applied left rudder too slowly. Sev- 
eral pilots have told me that they must have been using 
left rudder, but they also tell me this is an odd maneu- 
ver more at home in aerobatics than in airlines. It's 
unlikely that they trained for this. But my dad always 
stressed being ready for the unexpected, and he told us 
of an occasion when he lost several feet of a wing due 
to a maintenance error. He was no stranger to a plane 
misbehaving. 


If he applied left rudder too slowly, it might be be- 
cause he was preoccupied with the boost/autopilot is- 
sues and didn't immediately think of the rudder. It's 
also possible that he applied the left rudder sufficient 
to counter his aileron deflection if they had been in 
level flight or a shallow bank, but didn't know that his 
rudder effectiveness was degraded by the steeper bank. 


Suppose the left rudder input he used was appropriate 
to counter a shallow bank, and by the time he started 
they were already at about 40 degrees. He increased 
the left rudder to something that would have countered 
a steeper bank, such as 40, but by then they were at 50. 


If that was how it went, then as the rudder showed no 
effect he would have increased it. In effect he was 
chasing the bank down the curve of rudder effective- 
ness. He was flying an airliner, not a fighter, and long 
training would have led him to not slam the controls 
around. So as the bank increased he would have in- 
creased the left rudder, and finally it would have taken 
effect short of the zone where it would have had no 
effect at all. The plane then rolled left, first slowly, 
then faster, to reach its final 35 degrees or so. 


Simulating Flight 706 


I'm told that pilots never train for anything like this, 
which suggests they are not trained that the rudder will 
become increasingly useless at high bank angles. (If 
someone can give me feedback on this, please do.) 
Finally he arrived at what he should have done first but 
couldn't have known - he went to hard left rudder. The 
plane was by this time near the bank angle of no re- 
turn, if I can call it that, so recovery might have been 
slow. 


I don't have reason to say one or the other of those is 
the only possible answer, but I have to choose only 
one of them as my backstory. For technical reasons it 
is quite difficult to model the sim behavior at full left 
rudder for more than a very short interval, and quite 
easy to model an increasing use of the left rudder. So 
my sim run will show plane behavior based on the idea 
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that Dad applied left rudder somewhat slowly, without 
knowing that this was indeed the case. 


There is no doubt he did have the rudder hard left at 
the point of impact. The images below show the rud- 
der hard left at the final wreckage site, compared to the 
sim model hard left, with the sim picture rotated so the 
image corresponds. The rudder and elevators on the 
Electra don't use gust locks because the powered-down 
boost units provide sufficient resistance to movement. 
The empennage boost units were intact and operable. 
So the rudder is seen here at the setting it had when 
power to its boost unit was terminated. 


This confirms the point I made in the chapter on flight 
station resources, when I said they were simultaneous- 
ly following two courses to salvage the situation. 


The rudder hard left as found, and the sim showing the rudder hard left 


Simulating Flight 706 


The second backstory question is why they were losing 
altitude. Pilots have told me that an uncontrolled three 
degree right aileron deflection meant they would inevi- 
tably crash, but I couldn't get specifics from them. The 
plane came down on a five degree slope over some 
distance, so this was a descent that was managed in 
some way. 


The manual says an Electra at 93,000 Ibs GW will stall 
at about 160 knots in a bank angle of about 63 degrees 
given the Chicago conditions that day. Stalling danger 
is announced by stick shaking from elevators picking 
up turbulence as wing airflow starts to separate. I 
don't know whether Electras of that era had any other 
sensor. The simulator starts giving stall warnings 
above about 55 degrees. 


Seen in this light, the descent makes sense. They were 
in a much steeper bank than intended at that speed, and 
they were sensing the impending stall. So he was 
guiding down as gradually as he could manage while 
trying to resolve the problem. Pulling back on the 
yoke increases the stall likelihood, and not pulling 
back keeps the plane descending but at least minimally 
controllable. 
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My fleshed-out backstory is as follows: They initiat- 
ed an intentional and early right turn. They didn't 
know they had a problem until they tried to moder- 
ate the bank before rolling out onto their desired 
heading. As the bank continued to increase, and 
while struggling with the boost disengagement, Dad 
started to apply left rudder. At first somewhat hes- 
itating and then with more urgency, he was shortly 
at full left rudder. By this time the bank was well 
into the zone of degraded response. At the same 
time, due to their somewhat low speed, they were in 
extreme danger of stalling. So he guided the plane 
down as slowly as possible, feeling for the edge of 
the stall danger. Then, as the rudder started to 
take hold, the plane began rolling left, and had 
reached a 35 degree bank when it hit the embank- 
ment. 


The following pages show six images from this flight 
recreation. The video, like all mine, is available on 
Youtube and can be found by searching for "N137US". 


Simulating Flight 706 
My Scenario - 1 


In a standard rate right turn. They have just become aware of the problem. 


Clock 
Heading 

Rel Heading 
Bearing 

Dist from Start 
Dist Off Rwy 
Dist Along Rwy 
Turn Rate 

IAS kts 

TAS kts 

Height MSL 
Height Gnd 
Climb ft/min 
Pitch Deg 
Bank Deg 
Rudder Defi 
Aileron L Defi 
Aileron R Defi 
Elevator Defl 
105 of 183 


Run Watch Stop 


My Scenario - 2 


Reducing the bank has failed. The first tentative counter-rudder is applied. 


Clock 
Heading 

Rel Heading 
Bearing 

Dist from Start 
Dist Off Rwy 
Dist Along Rwy 
Turn Rate 

IAS kts 

TAS kts 

Height MSL 
Height Gnd 
Climb ft/min 
Pitch Deg 
Bank Deg 
Rudder Defi 
Aileron L Defi 
Aileron R Defi 
Elevator Defl 
110 of 183 


Run Watch Stop 
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0049.1953 
149.1860 
0009.0637 
0140.3929 
10133.9722 
0069.4872 
10133.7340 
0002.7333 
168.1931 
0170.4001 
0861.4849 
0209.4849 
-0069.6492 
0.2660 
26.4412 
-0.0628 
2.6910 
-4.5112 
-2.2751 


0051.7073 
157.3052 
0017.1829 
0141.2795 
10838.1155 
0242.0057 
10835.4133 
0003.1904 
169.2949 
0171.6239 
0852.1281 
0200.1281 
-0233.7328 
0.9548 
38.8637 
3.7514 
3.138] 
-5.2564 
-3.4982 


Simulating Flight 706 
My Scenario - 3 


Bank increasing, as they chase the rudder down the curve of responsiveness. Close to a stall. 
f/ Clock 

Heading 

Rel Heading 

Bearing 

Dist from Start 

Dist Off Rwy 


@ Turn Rate 
IAS kts 
TAS kts 
Height MSL 
Height Gnd 
Climb ft/min 
Pitch Deg 
Bank Deg 
Rudder Defi 
Aileron L Defi 
Aileron R Defi 
Elevator Defl 
123 of 183 


Run| Watch Stop 


My Scenario - 4 


Maximum bank, about 50% rudder deflection, guiding lower to prevent a stall. 


Clock 
Heading 

Rel Heading 
Bearing 

Dist from Start 
Dist Off Rwy 


Turn Rate 

IAS kts 

TAS kts 
Height MSL 
Height Gnd 
Climb ft/min 
Pitch Deg 
Bank Deg 
Rudder Defi 
Aileron L Defi 
Aileron R Defi 
Elevator Defl 
138 of 183 


Run| Watch Stop 


Dist Along Rwy 


Dist Along Rwy 
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0057.6521 
191.9392 
0051.8170 
0145.5915 
12302.0277 
1198.6430 
12243.4938 
0007.2861 
169.0768 
0172.2901 
0818.9131 
0166.9131 
-0306.0950 
5.4308 
55.1051 
9.2125 
3.4073 
-5.7050 
-8.2814 


0065.1548 
253.5534 
0113.4311 
0154.5090 
12912.6637 
3235.0423 
12500.8554 
0007.7626 
165.9652 
0169.6801 
0779.4174 
0127.4174 
-0646.1520 
5.1747 
62.3463 
13.6886 
3.454] 
-5.7829 
-9.6450 


Simulating Flight 706 
My Scenario - 5 
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Near full-left rudder, and bank is noticeably moderating. Stall danger passed, but at this point they are just 


about to strike the power lines. The descent rate is nominally less than Lockheed's estimate. 


Clock 
Heading 

Rel Heading 
Bearing 

Dist from Start 
Dist Off Rwy 
Dist Along Rwy 
Turn Rate 

IAS kts 

TAS kts 

Height MSL 
Height Gnd 
Climb ft/min 
Pitch Deg 
Bank Deg 
Rudder Defi 
Aileron L Defi 
Aileron R Defi 
Elevator Defl 
147 of 183 


Run} Watch Stop 


My Scenario - 6 


Struck the embankment in a mid-30's bank, after striking power lines. 


Clock 
Heading 

Rel Heading 
Bearing 

Dist from Start 
Dist Off Rwy 
Dist Along Rwy 
Turn Rate 

IAS kts 

TAS kts 

Height MSL 
Height Gnd 
Climb ft/min 
Pitch Deg 
Bank Deg 
Rudder Defl 
Aileron L Defi 
Aileron R Defi 
Elevator Defl 
152 of 183 


Run| Watch Stop 


0069.5322 
280.4235 
0140.3012 
0159.6795 
12426.5056 
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Simulating Flight 706 


In the previous stills, the bank and altitude displays are 
lagging the sim plane due to the delay communicating 
the data from inside the sim to the control program. 

So the bank when rapidly leveling is less than shown. 
The rate of climb is computed using pairs of altitude 
readings from successive communication packets, and 
so it lags too, and slightly more than the bank. 


My program calculates the DistanceOffRunway and 
DistanceAlongRunway so the flight can be charted 
onto the CAB report map. That map is shown below. 
The sim path misses Lockheed's path by about 300 
feet. This is just over one second's flying time, so the 
sim run would have aligned better if the bank had 
started about 1.5 seconds earlier. The map on the fol- 
lowing page shows what this would have looked like. 
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This is an extremely good match with Lockheed's cal- 
culated curve. 


This is close to the result we would have had if my 
backstory were that Dad used immediate full left rud- 
der while they were further into the zone of degraded 
rudder response. As shown by the counter-rudder cir- 
cle flights, the turn radius would have been somewhat 
larger for the last fifteen seconds or so, which means 
the maximum bank would have occurred slightly earli- 
er and been a little farther southeast (up on this map). 


I don't know which of those two might be true, of 
course, I just had to choose one to simulate. 


My Scenario Sim Flight Mapped 
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Simulating Flight 706 Page 68 
The simulator tells us that the path as described in the 

official reports is not physically possible. The reports 
and the sim result differ enough that it's not due to mi- 
nor shortcomings in the fidelity of the sim plane. 


play. Since this is not under current external program 
control, there is no data screen on the right giving the 
status. The final two images of this series are captured 
from the original controlled run, and show the data 
window as the plane recovers a positive climb rate. 


The simulator can also tell us why the witnesses re- 
ported what they did. The sim camera can be posi- 
tioned anywhere, and the flight can then be replayed. 
This is not a re-flying of the path under control of my 
external program, but replaying of a flight recording 
made automatically by X-Plane while my harness flew 
it. The following pages show some stills from that re- 


These images were captured from a screen, and show 
less than the naked eye would see. To compensate, 
some of them are magnified, and so noted in the cap- 


tion. 


My Scenario Sim Flight With Adjusted Bank Start 


This is the curve from the sim flight, adjusted as if the bank had started about 1.5 seconds earlier. In other 
words, the flight path is moved straight down over the map. 
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Simulating Flight 706 
Witness - Tower View - Magnified 


As the plane gets end-on to the tower, the bank is still increasing. 


Witness - Tower View - Magnified 


The plane is pointing directly away from the tower and approximately at maximum bank. 


Simulating Flight 706 


Witness - Tower View - Magnified 


Near the impact point, the tower staff should have seen it leveling. May have been concealed by trees. 


Witness - Concourse View 


As the plane gets end-on to the concourse, the bank is still increasing. 


Simulating Flight 706 Page 71 


Witness - Concourse View - Magnified 


It's safe to say none of these witnesses ever saw an airliner bank that far. This is near the maximum bank. 


Witness - Concourse View - Magnified 


As the bank starts to reduce, the attitude of the plane makes this more difficult to detect. 
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Witness - Concourse View - Magnified 


I wouldn't blame any non-expert for saying this looked like a vertical bank. 


Witness - Airport South End - Magnified 


View for a hypothetical witness end-on to the crash path of 270 degrees. None in this position were reported. 
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Witness - Crash Path 


View for a hypothetical witness on what would be the debris field. No one is reported to have seen the crash 
from this general area. The plane is approximately at the power lines. 


Witness - Crash Path 


Same witness at the point the plane hit the embankment. The bank is changing rapidly. 
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Witness - Crash Path 


The same witness would have seen this if the plane had not hit the embankment. 


Witness - Crash Path 


Same witness after the plane is in a positive rate of climb. 


Simulating Flight 706 


Sim View After Passing Embankment 


The readout does not yet reflect the positive rate of climb. 
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Sim View After Passing Embankment 


The readout reflects the positive rate of climb. 
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0072.7087 
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Simulating Flight 706 


I posed four questions that the sim could address: 


1. Can the model clarify the chances of knife- 
edge (or near-knife-edge) flying being a feasi- 
ble explanation for a reported vertical bank? 


2. What is the rudder’s effect on the turn radius 
for any given bank angle, and does that affect 
how the plane got to the impact point? 


3. How much of a bank will extreme rudder 
travel induce, or how much of an unwanted 
bank can the rudder counter? 


4. What does the simulator tell us about the 
possible candidate flight paths for Flight 706? 


Answers seem to be: 


1. Even allowing for a significant error in fidel- 
ity to real life, the sim rules out knife edge fly- 
ing. 


2. Given the high bank angle and short flight 
path, the rudder does not meaningfully affect 
the turn radius or impact point. 


3. The 'bevel flying' in the sim suggests a slow 
recovery from a high bank angle near the stall 
angle for this plane. The sim provides a model 
explaining a rapidly changing and low bank at 
impact. 


4. Finally, the sim created a flight path that 
matches Lockheed's calculation within less 
than a wingspan over a distance of 4000". 


In addition, the sim lets us envision the scene as wit- 
nesses saw it. This illustrates the difficulty of judging 
the plane's bank angle from various points. These im- 
ages go into the multi-faceted evaluation we have to 
make, regarding what to discard from the official re- 
ports so what's left makes sense. 


Last but not least, the sim explains the reason for los- 
ing altitude. The plane was not falling from the sky, 
not stalling, but it was near a stall. The most probable 
explanation is that Dad was guiding it lower as slowly 
as possible to avert a stall, while dealing with the prob- 
lem. 


In the remainder of this document I will be describing 
something that looks like a bad belly landing. I've de- 
scribed it that way in the past, but it's wrong to think 
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that a belly landing was the goal. It was not the crew's 
plan to settle for a belly landing; it was their goal to 
keep flying. 


The sim results explain why they might have been in- 
tentionally losing altitude, the loss being out of practi- 
cal necessity. Then, as they were approaching the 
ground, their last-ditch recovery attempt using the rud- 
der started to pay off. By the time they hit, they had 
recovered to an approximate 35 degree bank, which at 
their speed would have been flyable. 


They may have had too much downward inertia at that 
point to avoid hitting. It's possible hitting the power 
lines was the final blow. I don't know if the power 
lines had aerial warning indicators, but it's doubtful the 
crew could have avoided the lines even if they saw 
them. 


Hitting the lines probably cost them some airspeed, 
and may have turned the plane to some degree on its 
vertical axis toward the right wing, and thereby an- 
gling the nose farther down. The right wing hitting the 
embankment would have added to that nose-down atti- 
tude far enough down that the nose broke off when it 
hit the ground past the embankment. 


Rather than seeing this as a belly landing (particularly 
an intentional one) it should be seen as a glancing 
blow that was too substantial for the plane to survive, 
or a flare that they had insufficient space to manage. 


The CAB report said their problem was that the cable 
parted at too low an altitude to recover. I think that 
should instead read that the cable parted when they 
were already in a low banking turn. If they had an un- 
commanded bank while flying level, they would have 
had no great trouble at any altitude. The recovery 
would have been sloppy but feasible. 


When the cable parted, the immediate right-wing 
down effect was masked by their being in an intention- 
al right bank. And then, at the point they first knew 
there was a problem, they were already moving fast 
into the territory of degraded rudder authority. I think 
the intentional bank was a decisive factor. The bank 
blinded them to a problem that otherwise would have 
been if not trivial at least manageable. 


Impact Site Illustrations 


I illustrate the crash site using a virtual terrain created 
in Blender illustration/animation software. The site 
map starts with a 1963 topographical map of the area 
including O'Hare. This portion of the map includes a 
copy of the scale pasted from elsewhere on the same 
map. 


My goal here is to provide the truest depiction I can of 
the landscape on the day of the crash. Understanding 


the terrain (and most important the gap between trees 
down the avenue of the crash path) shows one aspect 
of the shortcomings of the CAB slide scenario, wheth- 
er that's a backward slide or some other orientation. 


I've overlaid the topo map with the CAB map from 
their report. The CAB map showed outlines of the 
taxiways and runway, along with Irving Park Road, all 
of which gave enough reference points for alignment. 
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The topo map showed open water enclosed by the low- possible the water was recorded in a high-water year. 
est level of contour lines. There is no open wateron In order to match the photos, I removed the water. 
any pictures, and there are substantial trees growing in 


uhat was shawn here asawater There will be many references to boggy ground and 


mud. The muddy area is probably the space that is 
It's possible the water is a carryover from some earlier here shown in blue. The crash path crosses the lower 
map, not corrected for the date this map was done. It's _ part of that blue area. 
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Impact Site Illustrations Page 79 


To contour the map, the vertical scale was increased to Then the space between the contour lines was 

a substantial multiple of the horizontal scales, planes = smoothed. Finally, the vertical scale was returned to 
were sliced through the map corresponding to five-foot the same as the horizontal one. So the contours may 
intervals, and the five-foot elevation lines on the map __ not be obvious in the images, but they should be accu- 
were forced up or down to approximate the planes. rate within a couple feet. 


Impact Site Illustrations 


Aerial photos of the site (each paired with a virtual and accuracy, but most land features were able to be 
camera) were then floated over the landscape and cross-checked in three or more images and nearly all 
aligned to recreate the photo vantage point. I had four could be seen in at least two. Trees and buildings near 


overlapping aerial photos from the east, west and the crash path are placed within an estimated error 
south. There were more taken from the ground thatI —_ range of ten feet or less. Tree and shrubbery shapes 
matched up in the same way. are very basic. The purpose of this exercise is to de- 


ee ta ; velop some confidence in the accuracy of the virtual 
I placed trees and buildings in the area of interest by landscape. 


switching on and off the visibility of the suspended 
image. Each photo had its own area of maximal detail The following image pairs show the process. 
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Impact Site Illustrations 


Impact Site Illustrations 


Impact Site Illustrations 


Crash Site Video 


In addition to the stills, we have some film taken on 
the day of the crash. This also can be used to validate 
the virtual terrain. 


Images on this and the following page are taken from 
https://www.youtube.com/watch?v=8H85Ga6v-lc. 
The quality of the film is extremely poor for the crash 
site portions. This is 8mm film, and while filming the 
crash the photographer was apparently quite tense, 
with wild pans and consistent shaking. This sequence 
starts at about 3:40. This video is one of four taken at 
O'Hare in 1961, and aside from the crash they are fun 
to watch. 
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The photographer tended to tilt the camera noticeably 
to the right. To compensate, the images in these com- 
posites are tilted counter-clockwise. 


Of the 2900 frames on this subject I collected about 
800 that were reasonably stable and focused. From 
those I made composites. The images shown first are 
the left and right halves of a wide panorama taken 
from a rise east of the railroad tracks and southeast of 
the point of first impact. 


On the left (top image) is Irving Park Road with many 
cars parked along it. On the extreme right (lower im- 
age) is the point of first impact with the track. To its 
left and just to the right of the near power pole is the 
final wreckage site in the distance. 


Crash Site Video 


For the preceding photograph I inserted the corre- 
sponding graphic from my virtual terrain (as in the 
previous chapter) to validate the terrain and tree place- 
ment. 


The image below is the point of first impact with the 
track, taken from a position below the railroad em- 
bankment. There is a corresponding rise on the right, 
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so the photographer was in a wide ditch with a service 
road running along it. This was on airport grounds. 


The embankment was filmed from two viewpoints a 
small distance apart. The vertical lines are film imper- 
fections, probably scratches from having been run 
through projectors. 


The final image is the site of the main fuselage first 
impact. There is a wire draped across the top of the 
image, and another near the bottom and visible on the 
left side. There were power poles along the driveway 
west of the embankment, and the wide separation of 


these lines suggest the photographer was fairly close to 
the lines. It appears he walked a little ways off of Ir- 
ving Park Drive and is between the driveway and the 
embankment. 


Crash Site Video 


This is the same image lined up with a virtual camera to validate landscape features. 


The Virtual Terrain 


The aerial pictures and stills from the film all contrib- 
uted to the virtual terrain. This will be the landscape 
for the rest of my analysis. The red dot shown here 
left of center is the point where the tip of the tail 
stopped. That was the extreme end of the debris. 
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Nearly all the crash path is in the area that the topo 
map showed as open water, so it was likely all muddy 
or at least soft. Aerial photos that include emergency 
vehicles show what appear to be muddy wheel marks. 
Since people are seen walking all over it, the best I can 
say is it's "reasonably firm". 


The Virtual Terrain Page 88 


Using a closer virtual camera, I overlaid the terrain The red X at the bottom marks where two lines inter- 
with marks denoting visible disturbances (blue) and sect in the CAB map. These may indicate how they 
wreckage (red) in the overhead photo. The yellow surveyed the point of first impact past the embank- 


lines are for measuring distance and slope between the ment. The perspective and shrubbery hides whether 
embankment, the apparent impact point at the bottom __ the large blue disturbance mark should continue to this 
here, and the final wreckage. point, but it's not unreasonable. 
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The Virtual Terrain 


Further magnification shows that what looks like a dis- 
tinct line in the previous photo is in fact a series of 
slash marks at roughly right angles to the apparent 
crash path. These seem to be unequivocal prop strikes. 
I count about 25 to 28 marks. 
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In my earlier reports I had taken this to be a nose 
scrape across what might have been furrows in plowed 
ground. Recognizing these as prop hits came late in 
the process. 


The Virtual Terrain 


The intersection drawn on the investigation map 
should not be mistaken for the alignment marks com- 
ing from the topo map. The topo cross is about 200' 
southeast of the investigation crossed lines. 


The first yellow line runs from the east side of the em- 
bankment to what appears to be the first ground marks 
past the tracks. Calculating the virtual distance using 
the map scale gives a length of 381 feet. The CAB 
report says the next impact was 380 feet past the em- 
bankment wing impact point. 
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The second yellow line connects that point to the red 
mark denoting the final position of the tail. This 
comes to 872 feet. The CAB report says the final 
wreckage was 820 feet past the first impact. If they 
were measuring from the nearest point of the main 
body, 820 feet would be right on the mark. 


P 91 
The Virtual Terrain age 


The measuring lines also let us calculate the slope of | The drop-off west of the embankment, which includes 
the plane's path after the embankment impact. The the ditch and the low ground beyond it, rules out any 
following view is from south of the path, as if standing intervening ground contact by the plane. Debris from 
on the west side of the tracks. The yellow line slopes _ the right wing hit was of course scattered in this area. 
down to the west at about 4.6 degrees. 
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The Right Wing Impact The smaller image is the virtual terrain, and the yellow 
line shows the path of the plane to the next point of 


contact about 380 feet away. Recreating the scene re- 
quired camera settings that suggest the picture was tak- 
en with a telephoto lens. 


The right wing struck two sets of power lines and 
then the railroad embankment. The plane was banked 
about 35 degrees at the time, but the official reports 
say it was near vertical. 


The image below shows the western lip of the rail- 
road embankment, looking toward the service road or 
driveway below and the main impact site. In the im- 
age there are three figures just beyond the embank- 
ment, and the roof of a station wagon parked on the 
service road. The station wagon is almost certainly 
railroad property, modified to run on the rails. In an- 
other shot it is seen on the rails. 


The Right Wing Impact 


The ALPA report explicitly states that the number four 
engine was separated at the tracks and left prop marks 
there. The CAB report does not state where the en- 
gines were lost. 


The props would normally be turning at 1020 rpm, and 
the speed of the plane is estimated at 160 knots, or 270 
feet per second. This means prop tip strikes will be 
happening 68 times per second, and should be spaced 
about 3.9 feet apart. The foreground mark in the pre- 
ceding image covers a short distance along the line of 
travel, and shows a groove following the line of travel 
with no scars going across it. But it's not obvious that 
we would see a prop strike in the short distance shown. 


The foreground scar appears to be the scar left by the 
remains of the right wing after hitting the tracks. The 
groove at the center, following the line of travel, is cut 
by the wing itself. The denuded ground on each side 
of it has been wiped clean probably by flying frag- 
ments and the number four tank fuel at 160 knots. 


The stages of this crash are beads on a string. They all 
connected once in reality, and no hypothesis of the se- 
quence can survive unless the parts can plausibly con- 
nect here too. In order to compare the official reports’ 
depiction to my own, I need to briefly look ahead at 
what the CAB and ALPA say came next. 
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Little information is available in the official reports 
about prop strike locations. The CAB report says 
Complete power plant disassembly, as well as pro- 
peller slashes along the ground, revealed that the 
engines were all rotating at impact. It does not say 
that all four props left marks or where any were. The 
ALPA says The #4 engine assembly was separated 
from the structure as its propeller slashed across a 
pair of railroad tracks. The aircraft was almost 
inverted as the #3 propeller slashed into the ground 
separating #3 engine from the structure. 


The Chicago Tribune reported that prop strikes were 
found near a knoll 100 feet east of the forward fuse- 
lage final site, or about 400 feet west of the embank- 
ment. This was the only clear statement I found 
regarding prop mark locations. It was in attempting to 
find the Trib marks that I zoomed in and recognized 
the string of prop strikes shown in the Virtual Terrain 
section preceding. 89 


The CAB says the nose hit the ground 380 feet beyond 
the first impact, and from just beyond that point to the 
end of the crash path the plane slid right side up. The 
380 foot measure agrees with the 381 foot distance I 
obtained on the virtual terrain. This is the distance to 
the start of the prop strike sequence, and also to the 
start of the less-defined and larger disturbance just 
south of it. The line connecting the track hit and the 


The Right Wing Impact 


next impact slopes down at about 5 degrees, matching 
Lockheed's slope finding. 


(Readers have suggested that by "first impact" the 
CAB referred to the power lines, not the embankment, 
but the initial power line hit was under 300' from the 
embankment hit, so the CAB didn't intend this mean- 


ing.) 


The ALPA is saying the plane was almost inverted at 
about the point the CAB said the nose hit. The CAB 
said the plane continued to rotate about its longitudinal 
axis after the embankment, so the ALPA is apparently 
relying on the CAB reconstruction of this interval. 
Both the ALPA and CAB state that the plane was in 
approximately a vertical bank when the right wing hit 
the embankment. 


The front view below shows some possible angles and 
points of contact for the track impact. Line A shows 
the ground in a 90 degree right bank, intersecting the 
wing at station 293. This is the most extreme impact 
possible, since the wing inboard of WS 293 remained 
intact. Alternatively, the impact could have been at 
some point well outboard of 293, perhaps into the en- 
gine body if not at its center (as shown in line B, again 
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a 90 degree bank). This might be the case if it was the 
engine being ripped backward that destroyed the wing 
beyond station 293. 


If on the other hand the bank was less extreme, the C 
and D lines show the apparent limits of a shallow 
bank. Line C shows the track cutting the wing at sta- 
tion 293, which could be done with a bank of about 32 
degrees while leaving prop scars on the track. Line D 
shows the engine directly hitting the track (and the en- 
gine then obliterating the wing down to station 293) at 
a slope of about 20 degrees. 


We can roughly calculate the effect if the wing hit as 
the ALPA describes. Line E in the image arbitrarily 
cuts the wing at WS 420, which would leave number 
four prop marks on the track without the engine hitting 
directly. I don't know that this extent of a prop hit 
(combined with the shock of the spars hitting) would 
separate the engine, I'm just running some informal 
numbers on the physics outboard of engine four. 


Tank four is 363 inches long, and runs from WS 221 to 
WS 584. If we think of the tank as a rectangular trun- 
cated pyramid, we can calculate what percentage of the 
tank volume would be lost by cutting the wing at WS 
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The Right Wing Impact 


420. This would be the outboard 164 inches of the 
tank (about 13.5 feet) and comes to about 20% of the 
volume, give or take. These numbers come from esti- 
mating the tank cross sections at each end using main- 
tenance manual illustrations, and should be considered 
very rough. 


The tank four capacity is 11,122 Ibs of fuel. The tanks 
were at 67% of capacity. If WS 420 hit the track the 
impact would have been by the wing outboard of that 
point and about 1300 lbs of fuel. This is not a trivial 
impact, and might compare to the kinetic energy of a 
small truck at 160 knots. 
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Airframes become almost fluid when they impact at 
high speed. The embankment would have been hit by 
two spars, a spray of aluminum fragments and the hy- 
draulic effect of the fuel, rather than a solid impact by 
an object that stays together. The inboard foot of that 
will directly hit the track, and the remainder will im- 
pact against the ballast. If we say that a foot of the 
tank's load would effectively hit the track, the track 
will be struck by about 140 lbs of fuel and the wing 
immediately around it including two spars. This is 
about 21 gallons of kerosene in an aluminum can mov- 
ing at 160 knots. Call it 200 lbs, very roughly. 


Embankment Hit - CAB/ALPA View vs My View 


The Right Wing Impact 


This image shows the track that was struck. US rail- 
road tracks are typically either 39 or 78 feet long, un- 
less welded into longer lengths. Sleeper spacing is 
typically 20 to 22 inches, and there appear to be about 
24 sleepers from joint to joint counting on the right- 
hand rail. This means the rails here are probably 39 
feet long, which looks plausible. The impact distortion 
appears to involve the entire right-side rail, from joint 
to joint, possibly a bit more. On the left side the dis- 
tortion is centered on a joint, and it looks like it goes 
roughly halfway to the next joint. So we can estimate 
that whatever impacted the rail shifted about 40 feet of 
track (perhaps 3000 Ibs of steel rail alone), more at the 
center and less at the fringe. 


If engine four had hit the rails directly they should 
have been torn loose. Rails are secured here by only 
two spikes per tie. If the damage here is from engine 
four, then the engine would seem to have to hit below 
and right of the rails, striking the ballast and ties. 


One or two sleepers appear to be broken at the center 
of the impact site, but hidden as much as they are by 
the ballast it's hard to tell. The sleepers in the entire 
range appear to be horizontal, so the ballast was not 
lifted bodily on the right side by a hydraulic effect of 
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an embankment impact. Whatever hit here had rela- 
tively little effect on the ballast. 


The cross section volume of the wing at WS 420 con- 
sists of perhaps 95% fuel and 5% aluminum. We can 
treat it as essentially a fluid. The lack of a crater sug- 
gests that this part of the wing, when it hits something 
as porous as ballast, tends to blow into and through it 
but not excavate it. 


The question then becomes whether such an impact, 
which has little or no effect on the ballast, would be 
expected to shift two rails and their ties about a half 
foot out of alignment for a distance of eight feet or so, 
and decreasing amounts of misalignment up to about 
40 feet. Engine four, by contrast, weighs 1700 Ibs and 
would impact as a unit. The damage to the track is 
unsurprising if it were hit by an engine, but seems too 
much if hit by a wing. An engineer could come up 
with better numbers. 


The ALPA report says that the railroad embankment 
showed slash marks. The only prop available to hit the 
embankment was the number three. The fact that the 
wing remained intact well beyond engine three means 
the bank angle could not have been more than the mid- 
30's and could have been as low as about 20. 


In sum, despite witness statements about a 90-degree 
bank, the scanty physical evidence at the track seems 
to be pointing to a bank of about 20 to 35 degrees. 
While 20 degrees is not incompatible with the wingtip 
damage, I think it's too low to be reasonable, and an 
angle in the low- to mid-30's makes more sense. A 
bank angle in the 20-degree range means they would 
have been well past the danger of stalling, and could 
have been climbing. 


A 35-degree bank is compatible with the described 
gradual descent which Lockheed documented. It 
matches the results from my flight simulation. The 
path following the embankment continues the same 
slope, showing that there is nothing ballistic about the 
plane's movement. It can't be in a vertical bank, be- 
cause at this point it still has lift. 


The Right Wing Impact 


In previous versions of this analysis, I identified what 
appears to be a large object on the rails as engine four, 
left behind after striking the ballast and ties and thus 
losing all forward momentum. A closeup is at the 
lower left. The image seems to show two men stand- 
ing over an object of about the right size. Such a de- 
bris disposition seemed improbable, but I had no other 
way to explain it. 


Then I found the clipping at the lower right in an ar- 
chive. Bobbie Allen is crouching to examine the piece 
of debris seen in the earlier image of rail damage. 231 
Someone is standing over Mr. Allen, casting a shadow 
on him from the right. Obviously the photographer is 
standing there to take the picture, and a fourth man is 
just north of them all. 


The human brain tends to assemble conceptual objects 
from random image clutter, and once something is 
seen it can be difficult to unsee it. Having seen this 
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clipping, the aerial shot can be reinterpreted as this 
very tableau. The pictures weren't quite simultaneous, 
since there is some movement of people from one to 
the next. 


This is a much better interpretation of the image, and I 
abandoned the idea that engine four landed on the 
tracks. 


Parenthetically, Mr. Allen is holding an intriguing 
piece of debris. I've been unable to identify the part 
from manuals, and have solicited input on the question 
without success. It appears to be a bracket. If we 
could identify the part, we would know that the wing 
was destroyed at the tracks at least down to that part's 
location. 


fo 34 ey 
BOBBIE R. ALLEN, regional supervisor for the civil 
aeronautics hoard, examines piece of plane’s wreckage 


found on railroad tracks. (CHICAGO'S AMERICAN Photo! 
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The CAB Scenario 


Before presenting my reconstruction of the impact se- 
quence, I should show where the CAB was wrong. 


The CAB official report is clear about what happened 
in the sequence: "The aircraft then continued in a 
direction of about 271 degrees magnetic and, when 
in a bank of about 85 degrees and a nose-down atti- 
tude of about 10 degrees, the right wing of the air- 
craft struck the railroad embankment. Continuing 
to roll about its longitudinal axis, the aircraft cart- 
wheeled, the nose crashing into the ground 380 feet 
beyond the point of first Impact, and landed right 
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side up. It then slid tall first another 820 feet. The 
aircraft disintegrated throughout its path, and 
wreckage was strewn over an area 200 feet wide 
and 1,200 feet long. " 


I'll be going through the implied timeline based on the 
CAB scenario, using a virtual Electra in the appropri- 
ate state of damage for that point in the timeline. I'll 
pose it on my virtual terrain. In the image below, I've 
posed the plane on the scale from my terrain. The di- 
vision marks 200' and the fuselage is 104' long. To 
show that there isn't a perspective error, I've partly 
submerged the wing roots in the surface. I also do this 
with a couple more images in this section. 


The CAB Scenario 


The first image below shows what the CAB report ap- 
parently meant to convey. The nose position is 380 
feet from the point on the embankment where the right 
wing hit. This view is looking southwest. The plane 
has rolled further clockwise about its longitudinal axis 
and the nose has hit the ground. 


The CAB is not explicit about stages of destruction 
from here on, but the remaining engines and forward 
fuselage were lost before the plane arrived at the final 
site. I will not try to replicate the details of various 
stages of destruction, just the gross behavior. My goal 
here is to illustrate the implausibility of the CAB sce- 
nario, not to render it photo-realistically. 


The most extreme point of the final site is 870 feet 
from the start of the path line below. The total length 


Page 99 


from the point of first impact on the embankment to 
the end of the tail at the final site measures about 1200 
feet on the map, taking into account pixelation errors 
and the effect of the slight dogleg. I don't consider 
any errors of fifty feet or less to be meaningful in the 
destruction path; my point is that the CAB numbers 
agree with the map and there is no significant missing 
path length to be accounted for. 


The CAB report said the plane slid tail-first the final 
820 feet. Clearly there wasn't room to get tail-first im- 
mediately and still have 820 feet to go. So this was 
poorly worded, but they seem to have meant that the 
plane got tail-first very rapidly. Per the CAB, the 
plane cartwheeled and landed right side up. 
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The first image shows the plane in mid-cartwheel. The at 270 feet per second, it might have been doing 250 
second shows it hitting flat on the ground. The CAB fps at this point meaning this is less than a second after 


does not say how the forward fuselage was lost, but the nose hit. This amount of rotation fits the CAB sto- 
the remainder of this sequence shows it and the en- ry. This is my attempt to depict what it takes to get 
gines missing. I'm not showing extraneous debris in tail-first by the time it gets to the trees. I am not pro- 
this sequence, just the main body. posing this as a serious possibility, but as the minimum 


required to fulfill the CAB scenario. 


The plane in the lower image is about 100 feet west of 
the point of first impact. After hitting the embankment 


The CAB Scenario 


(In the remaining discussion, "the plane" refers to 
what's left at this point after the loss of all engines and 
the forward fuselage) 


In the image below the plane is about to enter the nar- 
rowest gap between the trees. Again, the wing roots 
are partly submerged to demonstrate the plane is in 
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contact with the ground. There isn't room for the plane 
to fit through the gap tail-first, given that it arrived at 
the final site with the entire length of the left wing. 
None of the aerial or ground pictures from the site 
show any fallen trees or damage other than from fire. 
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The view from ground level shows the same problem. 
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The CAB Scenario 


If the plane were much slower at turning tail-first than 
the CAB credited, it's possible for it to clear the trees 
by going through the gap sideways. Stretches creduli- 
ty, but possible. 


Once past the tightest tree gap, it faces another one 
nearly as tight but with the trees staggered. Again 


— 
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there was no tree damage, so the plane would have to 
go through the gap sideways, or do a slalom around 
the trees. And if the plane were not unequivocally tail- 
first at this point, it's no longer a question of the CAB 
misunderstanding the rotation speed, but of simply be- 
ing wrong about being tail-first. 
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The aerial view from the west as the plane goes through the narrowest gap tail-first. We should have seen ex- 
tensive damage to the trees and shrubs on the north side of the crash path, but there is none. 
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We get the same result in the latter part of the slide. I don't doubt that debris came along the ground, but it's not 
plausible that the plane did. (The "path of crash" label is the work of a newspaper artist, not me.) 
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The upper image here, more than any other picture I have, gives the impression of a slide by the plane. In par- 
ticular the trees on the right side look like they may have been cut down and fallen to the left. But this is the 
way the shadows fall, and the lower image is taken from the shade of those trees and shows no damage. How- 
ever, the lower picture does give a good indication of the amount of debris thrown down range. 


o 


” 

- P >," * 
Lilt ther 
f a “. wtehel ead 

- 2 


The CAB Scenario Page 107 


Regardless whether the CAB report was sloppy in say- The problem with the CAB report (with respect to this 
ing when the plane got tail-first, the core of their de- part of the crash) is that the plane actually arrived at 
scription was that the plane slid upright and tail-first the final site in the attitude shown in the second image. 
for the remaining distance. That would put the plane _It was tail-first, but inverted. 

in the attitude shown in the first image below, before it 

burned. 
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The CAB Scenario 


The empennage was clearly inverted, as shown here, 
but since it was burned and collapsed it might appear 
to have broken up during the travel. Seen in that light, 
one might think it arrived upright and then split, with 
the empennage rolling over. This was one of my earli- 
er conjectures. 


I discuss elsewhere how to recognize that the entire 
remaining plane was inverted by referring to the main 
gear struts, regardless of the apparent destruction. The 
wing is inverted and the leading edge points east. This 
means the plane cannot have arrived at this point tail- 
first and upright. 


The recurring question with these reports is to decide 
how much must be discarded before the rest of it 
makes sense. In my earlier releases of this analysis, I 
based my hypothesis on the plane sliding upright and 
nose-first, and flipping over at the end. I accepted the 
CAB slide scenario, but thought they had the slide ori- 
entation wrong. After building the virtual terrain and 
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locating the trees, it increasingly appears the plane 
could not have slid at all. 


There was wreckage along the debris path, seen in the 
ground-level pictures. Some of this would have 
caused ground disruption, and this might have been 
mistaken for the plane itself being in contact with the 
ground. The path was described as partly being in a 
vegetable garden, and the newspaper descriptions men- 
tion this. The weedless garden may have been mistak- 
en for scraped ground. Giving the most charitable 
reading I can of the CAB report, it is not entirely un- 
reasonable that they concluded there was a slide. 


But the inverted plane was not ambiguous. It was 
clear to me after seeing the image below (and thinking 
it over, this not being my field), and it must have been 
clear to the investigators. The ALPA explicitly said 
the plane was inverted. The ALPA pointed out that 
melted aluminum from the wing bottom skin fell onto 
the top skin. I suspect the ALPA made this point to 


The CAB Scenario 


nudge the CAB to correct their account, but without 
effect. Further (as I will explain in summing up the 
impact sequence) the CAB announced this bogus 
backward upright slide on the afternoon of the crash. I 
take no charitable view of that. 


The CAB cartwheel scenario ignores the prop strikes. 
The official report has the plane sliding through a gap 
too small for it, and sliding upright and tail-first when 
it clearly could not have. Regardless whether the CAB 
got the root cause right, their reconstruction of the im- 
pact and breakup is demonstrably wrong. 


The CAB lapse leaves us with an explanatory vacuum. 
If the plane didn't behave as they said, then how did it 
get into the final position? My hypothesis is the next 
chapters. 
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The Nose Impact 


The previous page shows a high-level view of the site. 
It is the source for a number of images used in this 
document. It and the final wreckage picture are the 
two most important images for understanding the 
crash. 


At the lower right is the station wagon on the track, 
and immediately to the right is a group of people 
which I once took to be the number four engine. The 
vehicle is exactly centered on the rails, supporting the 
idea that it's railroad property modified for the job. 


A cluster of people is just west of the track, and the 
shrubbery seems disturbed for a width of 15 or 20 feet. 
There appears to be some debris on the ground, and 
the tall grass may be obscuring more. Presumably 
they're searching for debris, and part of the grass dis- 
turbance may be from their walking on it. 


Then the flight path crosses a gravel road. Immediate- 
ly beyond the gravel road, a clear line of disturbed 
grass takes off toward the southwest, and there are sev- 
eral people ranged along that line. A fine white line 
parallels the disturbance. This is probably a crowd 
control tape, and the disturbance is caused by onlook- 
ers walking back and forth near that tape. The 8mm 
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film showed Irving Park Drive packed with parked 
cars; presumably some were onlookers. 


The CAB and ALPA reported that the plane hit in a 
near-vertical bank and cartwheeled. The following is 
what I think happened, starting with the right wing im- 
pacting the embankment with the plane at an approxi- 
mate 35 degree bank. 


The embankment impact probably helped to level its 
bank. The right wing was violently kicked up. This 
was actually a series of impacts - against the dirt bank, 
against the ballast, and striking both the east and west 
pair of tracks. Regardless of the impact, the plane was 
already rolling to the left at two or three degrees per 
second just before hitting the embankment. 


As the plane now moved through the next few hundred 
feet of air, it was rotating counterclockwise about its 
longitudinal axis, and somewhat clockwise about its 
vertical axis due to the wing hit. In the 1.5 seconds it 
took to travel the distance, it rolled left about 4 to 5 
degrees to a bank of about 30 or less. 


The image below shows the plane position just as the 
nose was about to touch. If we take the diffuse distur- 
bance south of the prop hits as the nose scrape, the 
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nose must have touched down before the prop. The 
exact location is hidden by shrubbery. 


In earlier versions of this analysis I had the plane com- 
ing in with a higher lateral component, moving toward 
its 11 o'clock, and the forward fuselage snapping off 
very soon after contact. But when I recognized the 
prop strikes, it leads to a much more straight-on ap- 
proach scenario. 
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A quarter second after the nose touches, the number 
three prop starts cutting scars in the dirt. The blue line 
denoting prop strikes is partly concealed by the yellow 
measurement line. The plane is still descending gradu- 
ally. At about 270 feet per second, it takes under a 
half second for the prop to reach the end of the strike 
sequence. The nose is now at a somewhat more pro- 
nounced mark in the ground, but in the photo there is 
no clear delimiting between the nose marks. 


The Nose Impact 


Viewing from the front makes the situation clearer, as 
in the image below. The plane has been descending 
along the four- or 5-degree slope from the embank- 
ment, seen as the thin yellow line in the distance. The 
larger yellow line is the measure to the final debris 
site, and is essentially horizontal. The wide blurred 
black line on the left ground is the investigators! indi- 
cation of the path of the plane. The thin black line is 
farther away and not relevant. The brown blurred line 
just under the nose is a topo map contour line. 


Seen from above the blurred black line is straight, and 
helps illustrate how the ground has fallen away under 
the horizontal measuring line and then becomes flat. 
The ground was sloping down to what once was a lake 
and is now filled in with boggy soil. The prop strikes 
are coming down that gentle slope to the topo line. 
(I've drawn the level ground as starting at the lowest 
topo elevation line, but these are five foot intervals so 
it might be a bit lower.) 


The prop strike marks are left on ground that slopes 
down to the west at about 1.5 degrees. The number 
three prop has about six feet of blade before the na- 
celle bottom is on the ground. For the plane to lose six 
feet or less of blade over a distance of 110 feet means 
it is descending at no more than about 3.5 degrees. 
Taken together, this means the plane was dropping at 
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no more than five degrees. So here we have evidence 
that nearly 500 feet beyond the embankment the plane 
is still dropping on about the same five degree slope it 
had for about 300 feet before the embankment. Be- 
yond the cross-treed phone poles along the railroad 
embankment can be seen the high-tension lines the 
plane severed 300 feet east of the tracks. There is 
nothing ballistic about this; the descent was straight. 


The photo shows no obvious scar left by the right wing 
to the right (north) of the prop marks. If the prop was 
being destroyed over this 110 feet, and still no wingtip 
scar, then the plane must have been at no more than a 
20-degree bank by the end of that sequence. During 
this last hundred feet the nose is being pushed up by 
ground contact. I can't estimate the damage, and it's 
possible the forward gear was torn out in this interval. 
It's reasonable to surmise that the plane was more level 
fore-and-aft as well as reducing its bank. 


The plane was descending at about 1400 feet per min- 
ute, and here is where it hits flat ground. In my previ- 
ous scenarios, I thought the forward fuselage broke off 
to the side, and did so much earlier than it now ap- 
pears. I now realise the breakup sequence happened in 
a much tighter space and time and I'd previously al- 
lowed for. 


The Nose Impact 


The ALPA report describes the forward fuselage de- 
struction in detail, as sketched in the image below: 


The cockpit area from the radome back to 
fuselage station 200 broke off and showed 
heavy fire damage in the nose gear area and 
on the right side. All four crewmember 
seats were torn loose. The floor was de- 
stroyed and the pedestal was bent over, but 


still attached. 


In the forward baggage compartment area - 
station 200 to 352 - the floor was in one piece 
and the baggage compartment door locked, 
but with everything above floor line frag- 


mented and showing fire damage. 


The main entrance door to center section 
was badly broken up and fire damaged. 


The center section remained with the main 
wreckage and suffered extensive fire dam- 


age. 


Fragmented, 
Fire Damage 
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The reports commented that bodies from the forward 
part of the plane were not mutilated, but if the fuselage 
around them were fragmented I would expect severe 
damage to the bodies. The forward fuselage portion 
visible in the aerial view shows a series of windows. 
So the ALPA's meaning of 'fragmented' here is not 
clear. It's possible this fuselage segment was struck by 
the right horizontal stabilizer, which shows signs of an 
impact 216, and was fractured further by that hit. 


It's possible there were no passengers in the area from 
fuselage station 352 to 560. In this era, it was com- 
mon to move passengers to better seats when available, 
Flight 706 was only half loaded, and the seats from 
352 to 560 were closer to the props and would have 
been noisier. So the area that was "badly broken up" 
may have been vacant. 


I used the ALPA description as a guide to where the 
forward fuselage fractured during this next sequence. 
Since FS 200 to 352 appear whole in the photo, I treat 
that zone as not disintegrating though probably dam- 
aged. 
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As the plane reached flat boggy ground, the nose dug in and was immediately stopped. The nose was com- 
pressed backward, and fuselage station 352 to 560 began to crumple. Because the nose was being pushed into 
the ground, the forward fuselage was pushing up against the main body. Meanwhile, the engine three nacelle 
had bottomed out and the engine and nacelle were torn down and off, creating one of the noticeable marks in 
the ground. 
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The cockpit debris is sliding off to the right. The midsection of the forward fuselage has been launched into the 
air, and the left wing swings down toward the ground. When it strikes, the left two engines are torn off. 
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The cockpit debris slows as it slides right and stops. The fuselage section was missed by the wing and possibly 
the horizontal stabilizer, and flips through the air to where it was found. Damage to the right horizontal stabiliz- 
er is visible in photos 216, and may have happened during this sequence. Engines one through three are all 
moving west at perhaps a hundred knots. The remaining fuselage is beginning to lift. 
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In the following image the inset blowup shows what The second image shows the general debris disposi- 

appears to be the nose gear at its center. The larger tion. The cockpit debris is in the large red circle, the 
view shows the context. The nose gear was ripped out nose gear in the smaller circle, and the three engines 
by the ground contact, and skidded off slightly north of on the right. 

west. It doesn't appear to have tumbled but instead 

slid sideways, ending upside down. 
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The image of cockpit debris being recovered is froma All the debris forward of the crumple zone seems to 

newspaper microfilm archive and the quality is too have gone off to the right. The nose gear is on the 

poor to see what the debris is or where located. As the right and the farthest downrange of any of this debris. 

only part of the fuselage that was essentially motion- | The forward fuselage broke off toward the right, the 

less with respect to the ground, we'd expect to find this cockpit was being compressed and pushed right, and 

material close to where it broke up. this debris was kicked off toward the right side of the 
crash path. 


{TRIBUNE Photo} 


Civil aeronautics board investigators supervising removal of wrecked nose of Northwest Orient Airlines 
Electra which crashed Sunday in field south of O'Hare International airport. All 37 persons aboard perished. 
Wreckage is being assembled in hangar at O’Hare field as probe into cause of crash continues. 

(Story on page 5, part 3) . 
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The preponderance of debris on the right suggests that 
the crumple zone caved in first on its right side and 
buckled, like a can being crushed end-to-end. While 
the crumple zone acted as a hinge, the material in the 
zone went left, pushing the material forward of it to- 
ward the right. 


The material from the crumple zone may have includ- 
ed some passengers. The Electra cutaway image be- 
low shows maybe eight or ten seats in the crumple 
zone - in front of the box girder and behind the props. 
Given the 50% load factor, there might have been four 
people sitting there. In the 60's the stewardesses 
would readily move passengers to better seating (in 
this case away from prop noise) so this area may have 
been vacant. 


The part of the crumple zone that stayed with the for- 
ward fuselage, and the part that stayed with the main 
body, were both traveling downrange (west) at about 
150 knots. Any bodies that were tossed clear during 
this phase were thrown downrange and would have 
been left generally south (left) of the forward fuselage. 


Although the forward fuselage in the aerial image 
looks reasonably whole, the environment was not sur- 
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vivable. We can roughly calculate the forces acting on 
the passengers. 


The first force was the acceleration as the forward fu- 
selage broke off. As it did so, the nose was pressed 
into the ground and essentially stopped. If we arbi- 
trarily assume it stopped over a space of 50 feet once 
the fracture commenced, then the acceleration at the 
tip of the nose was on the order of 180g. We could 
assume the nose took twice as far to stop and the re- 
sulting g forces on the passengers would likely still be 
lethal, so our precise assumption is not critical. The 
forward fuselage was launched into the air by the im- 
pact, flying and then perhaps rolling a total of about 
150 feet. 


The second force was the rotation induced in the for- 
ward section when the nose stopped. As the forward 
fuselage broke free of the main body, the rear end of 
the forward fuselage was still moving westward at 
about 140 knots. It's not clear exactly how much 
broke off, but if we estimate it at 25 feet to the effec- 
tive pivot point in the crumple zone, then we can cal- 
culate a reasonable rotation speed. 140 knots is 236 
feet per second, and the forward fuselage is rotating 
around a circle with a circumference of about 78 feet. 
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This means the forward fuselage is rotating three times 
per second, or 180 rpm. 


In combination, the forward passengers were accelerat- 
ed backward at g forces that would probably be lethal. 
At the same time they were rotated downward through 
at least a third of a circle in a fraction of a second. 

This rotational acceleration would certainly have been 
lethal in its own. There is also the possibility it was 
struck by the right horizontal stabilizer. Though some 
grossly intact fuselage remains, this informal physics 
estimate says the forward end was not survivable. 


The most striking feature of the forward fuselage is 
how fast it stopped and how far it is from the main 
wreckage. Per the Tribune, the forward fuselage 
stopped about 100 feet after prop marks were left on 
the ground, marks used to measure airspeed. In other 
words, the forward part went from 150 knots or better 
to stopped dead within less than the plane's own 
length, while the main wreckage went about 600 feet 
farther. 


In crash tests of jets and prop planes, including Lock- 
heed's crash test of a Constellation, it's not uncommon 
for the fuselage to fracture. A characteristic of those 
crashes is that the fuselage segments and the rest of the 
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plane continue to move forward at about the same 
speed for a considerable distance. 


We might use United 232 to illustrate the issue. Flight 
232 crashed in Sioux City when its number two engine 
failed catastrophically, causing complete hydraulic 
pressure loss. The plane was crash-landed under a lev- 
el of control that doesn't even qualify as marginal. It 
was some remarkable flying. 


United 232 was moving at 215 knots indicated just be- 
fore the impact, about 360 feet per second, about 1.3 
times the 160 knot speed of N137US. It was falling at 
1620 feet per minute or 27 per second, about 1.15 
times the 1400 fpm rate of N137US. United 232 was 
descending on a slope of about 4.5 degrees compared 
to 5 degrees for N137US. This is a very good compa- 
rable for N137US - slightly faster, but essentially the 
same profile of impact into flat ground. 


The image below is the debris map from the NTSB 
report, overlaid with my indicators and labels. I've 
marked a line from the initial contact to where video 
seems to show the breakup beginning (green, 700 ') 
and another to where the breakup seems complete (red, 
600'). This is 1300 feet total, and is only a rough esti- 
mate. I show pseudo-paths of significant debris com- 
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ponents in blue. I show engine two and the pylon 
separating first, since they were found nearest the 
breakup zone, but everything else is measured from 
the end of that zone. 


Distances to these components are: 


Engine one 1050' 
Engine two 1100' 
Cockpit/nose 1600' 
Engine three 2000' 
Center fuselage 2100' 
Tail section 2150' 


The distance from the end of the breakup zone to the 
cockpit and nose, the center section, and the tail are all 
within 500' of each other. Since I don't know where 
they actually broke apart, there could be a couple hun- 
dred feet of error, but these numbers are enough to 
show the pattern. If the United 232 nose had behaved 
as the forward fuselage of N137US, it would have 
been in the neighborhood of 100 or 200 feet past the 
breakup zone, instead of eight times that far away. 


The difference in debris seems to owe everything to 
the soft soil where the breakup happened. United 232 
broke up on runway pavement, and N137US hit what 
was once a bog. It doesn't render well in black-and- 
white, but there seems to be a lot of dirt thrown out 
along with the debris on the following page. The iner- 
tia in that thrown dirt is what sapped the inertia of the 
plane components. 


Questions remain regarding the engines. If they be- 

haved as the forward fuselage did, they should end up 
quite close. But their reported location seems to con- 
flict with the investigators’ difficulty in locating them. 
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As reported on the 19th, after two days' work on the 
crash, only two engines had been located. One in the 
deep mud, one "in the slough", and two unaccounted 
for. After three days of work, all four were accounted 
for and three of those were "close together". 


By itself this seems unremarkable for a chaotic crash 
scene, but the official reports, together with newspaper 
accounts, suggest the investigators were oddly puz- 
zled. What makes it intriguing is the bareness of the 
site on which engines could not be seen. 


The CAB report a year after the crash said "All four 
engines and propellers had separated from the air- 
craft and were found along the wreckage path." 


The ALPA report six months after the crash said "The 
#4 engine assembly was separated from the struc- 
ture as its propeller slashed across a pair of rail- 
road tracks. The aircraft was almost inverted as 
the #3 propeller slashed into the ground separating 
#3 engine from the structure. The #1 and #2 en- 
gines also left the structure during the subsequent 
slide of the aircraft along the ground." 


Contemporaneous newspaper archives help to flesh out 
missing details and capture the questions raised at the 
time but omitted from the final reports. The Chicago 
Tribune is the richest source. They followed the story 
closely, and they carried the graphic (the morning after 
the crash) showing the rotation and erroneous back- 
ward slide | 46. 


The wreckage of the main body stopped some 1200 
feet west of the embankment. Smaller debris included 
parts from the cockpit and underside of the nose, pos- 
sibly modules from inside the plane, and debris from 
the crumpled area between the remains of the forward 
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It has been found in previous 
airplane crashes that whenever an 
engine delivering high power to a 
propeller strikes the ground, both 
engine and propeller are torn apart. 
Blades are shattered by their own 
rotative forces, and engines are 
broke within. 

The engine and propeller com- 
bination found in the slough at 


O'Hare's southwest corner were 
much too intact, experts of the Civil 
Aeronautics board's power plant 
committee think. These two may 
provide evidence to support the 
"power failure" theory advanced 
soon after the tragedy. 

Definitive analysis of this engine 
will be made, according to Walter 
Gonnoud, chairman of the CAB 
power plant group, at the Allison 
plant in Indianapolis, Ind. The pro- 
peller will be removed and sent to its 
manufacturer, Aeroproducts, anoth- 


er General Motors division, at Co- 
lumbus, O. 

At least one other engine - buried 
more than 8 feet in the soft, mud- 
dy slough - has been identified. 
But two others and three propel- 
lers were being sought - either in 
bits and pieces or in parts of as- 
semblies - as more than 100 men 
picked thru the charred, scorched, 
shredded metal that remains on 
the crash scene. 


The Nose Impact 


fuselage and the wings. Fragments of the right wing 
were left at the embankment and probably some 
thrown to the west of it. 


There were apparently only five significant pieces of 
debris between the power lines and the main body: 
The forward fuselage and four engines. So east of the 
main body there was little wreckage. 


The image below is a portion of the 2014 Image 04 
222. This shows wreckage and bodies scattered just 
west of the narrow tree gap. The ground appears firm, 
the grass is minimal and partly flattened by the flying 
crash debris. This picture was taken from about 70 to 
80 feet west of the forward fuselage remains. I suggest 
the large piece of debris just left of center is a candi- 
date to be an engine, though it looks unpromising. The 
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large piece just right of center and at twice or more the 
distance is another candidate. 


The September 20 Tribune article is remarkably pre- 
cise. It directly conflicts with the ALPA report, but 
there is some value here: propeller marks were 
found. These also show signs that the right inboard 
or No. 3 propeller was slowing down 


The Tribune story goes on to say: About 100 feet far- 
ther to the west were parts of the fuselage, the cab- 
in and cockpit. Thirty feet still to the west was 
engine No. 2 and the right inboard and right out- 
board, close together. 


If we accept this distance estimate, one prop was leav- 
ing ground marks while the plane was in the air, and 
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Positive evidence obtained 
thus far has accounted for 16 pro- 
peller blades and all four engines. 
Two of the engines had parts of 
two blades left on shattered hubs. 
This finding shows that none of 
these propellers had been feathered 
in flight (turned edgewise to the 
airstream to minimize drag). 


Marks found on the railroad ties 
at the Chicago and Northwestern 
railway embankment where the 
plane first hit the ground (it had 
already knifed thru some high ten- 
sion wires with the right wing) show 
that blades of the right outboard, No. 
4 engine, were turning at a positive 
thrust angle. The marks are progres- 
sively further apart - showing that 
the blade was slowing down. 

In the swampy ground beyond 
the railroad embankment where the 
plane next touched after a bounce, 


more propeller marks were found. 
These also show signs that the 
right inboard or No. 3 propeller 
was slowing down altho still turn- 
ing. These marks have been found 
by civil aeronautics board teams 
near a small knoll in the field. 
About 100 feet farther to the west 
were parts of the fuselage, the 
cabin and cockpit. Thirty feet still 
to the west was engine No. 2 and 
the right inboard and right out- 
board, close together. 


The Nose Impact 


then all the remaining engines came off the plane and 
stopped dead within about 130 to 150 feet of those 
marks. Setting aside exactly which engines were in- 
volved, this tells us there was a tremendous impact that 
separated all engines simultaneously. No cartwheel 
could do that. 


The question remains whether we CAN accept this dis- 
tance estimate - whether three engines could have been 
missed by the investigators within 30 to 60 feet of the 
forward fuselage, practically underfoot for the photog- 
rapher. 


Thirty feet west of the fuselage would put the three 
engines in the approximate center of the image below, 
between the forward fuselage and the nose gear. On 
the day of the crash people were walking all over that 
area, but (per the Trib) two engines (the size of small 
cars) in this location eluded the investigators until two 
days later. 


In the image below, the blue line measures 100 feet 
east from the forward fuselage, where the story says 
the prop marks were. The engines had to have separat- 
ed somewhere along that line. The red line marks thir- 
ty feet to the west of the fuselage, so per the story three 
engines were found close together in that area. The 
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black cylinders represent engines. The thirty foot dis- 
tance and close-packed engines do not seem credible. 


Three red dots on the left side indicate the two candi- 
date objects seen in the ground close-up and on seen in 
an overhead view. The yellow lines measure the dis- 
tance from the fuselage as 223, 244 and 136 feet, read- 
ing top down. The second and third distances are very 
rough estimates. The blue dot is the location of the 
nose gear. The red dot on the right is roughly where I 
suspect engine four ended eight feet deep in the mud, 
after separating at the tracks. 


This was open and reasonably firm ground with no 
other significant wreckage in the area except the for- 
ward fuselage. An Electra engine is about 12 feet long 
and 29 inches high lying on its side. If you think of a 
Jaguar F-type, you're not far off. There were (per the 
Tribune) three of these within about three car-lengths 
of each other, but they couldn't find two of those for a 
day. 


This was not the CAB report; this was the Tribune re- 
porter relating what he thought the CAB rep said. I'm 
familiar with terrible reporting, and this sounds like 
something was garbled in the communication. 


The reporter clearly misidentified the engines. He said 
the right outboard was in this group, but the right out- 
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board (number four) was lost at the tracks. Perhaps he But the core of the story remains. The plane suffered a 
was being told about the engines in the order they were heavy impact that tore loose the remaining three en- 
located, and he mistook this (or later transcribed it) as —_ gines simultaneously, launching them on nearly identi- 


their left to right sequence on the plane. cal trajectories. A cartwheeling plane would spray 

; components as they came loose. After that impact, the 
Numbering error aside, the core of this report is that main body went on some 800 feet. The only plausible 
the CAB said they could not account for the full com- scenario I can come up with is a belly impact while the 
plement of engines until Tuesday, and at the end of plane is moving approximately nose-first. 


work on Monday they were puzzled by this. This is 
not something a reporter is just going to make up; it 
had to have come from the CAB. So why was there 
difficulty accounting for all of them? As in several 
other pieces of this documentation, the question is how 
much we have to discard before the rest makes sense. 


It’s possible that the missing engines broke apart, most 
likely at the drive shaft linking the turbine to the gear- 
box. But another newspaper account mentions that the 
investigators were impressed by how well the engines 
held together. Even breaking into a couple pieces 
would leave very large pieces of engine lying within 
several car-lengths of the first one found. Further, the 
investigators knew what they were looking for and 
could recognize segments of engine. 


I suspect the reporter, among other mistakes, noted 
that the engines were about 30 feet from the forward 
fuselage when he should have said 30 yards. 


The Main Fuselage 


The recurring question is: How much of the official 
reports are we compelled to discard before the rest 
makes sense? When I realized at the start of this proj- 
ect that the main wreckage was upside down, it was 
clear that the tail-first upright slide could not be cor- 
rect. That recognition launched this project. 


In earlier drafts of this document I proposed a scenario 
of a forward upright slide, with the plane flipping over 
near the end. I had no cause to discard the idea of the 
slide, and I don't reject any part of the official reports 
until it becomes untenable. But a reader pointed out a 
photo detail that made a key part of my flipping-over 
scenario extremely implausible. And creating the vir- 
tual terrain showed gaps small enough that it stretches 
credulity to think there was a slide at all. 


My forward-slide hypothesis was based on the wings 
still providing lift starting at 130 knots or better, slow- 
ing as the slide progressed. I suggested this would 
keep the wings up and the tail alone would drag. With 
my forward-slide idea effectively invalidated, I decid- 


CG and Balance | 

after losing engines 

and forward fuselage 3 
Permissible CG for N137US 


At 93,000 Ibs gross weight __ 
Approx 16%-32% MAC : 


#———— 595” to CG Reference Point 


Page 126 


ed to explore what an Electra in that condition might 
actually do, within the limits of the simulator. 


The normal way to run the X-Plane simulator is to se- 
lect an aircraft, and then select what is called a "situa- 
tion" to initiate the sim run. Situations may include 
canned situations for each airport, such as parked at 
the ramp, positioned at a runway end, or on approach 
to a selected runway at a choice of distances. 


The user can also pause the sim run at any point and 
capture the state as a situation file, to be resumed later. 
The situation file captures the location, speed, heading, 
etc., but does not capture the plane itself. The user can 
capture a situation flying one plane, and can then se- 
lect another plane and reopen the situation. 


The X-Plane software package includes an aircraft de- 
sign module. This allows users to prototype new air- 
craft and fly them in the sim, to try out designs. It also 
allows them to modify existing aircraft and test them. 
For example, I used this to determine what size verti- 
cal stabilizer and rudder it would take for an Electra to 
knife-edge fly at 160 knots. (It takes a rudder about 
four times the real-life size.) 
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The Main Fuselage 


I edited an Electra model in the X-Plane designer, re- 
moving all four engines and the forward fuselage. I 
reduced the weight by 25,000 Ibs, and moved the cen- 
ter of gravity 20 feet aft. This was a guesstimate based 
on the starting weight of 93,000 Ibs, allowing 1500 Ibs 
per engine, and the plane losing just under half the fu- 
selage and half the right wing. 


I created a situation file in the sim by flying an Electra 
at about 160 knots and an altitude of 1,000 feet. I 
paused the sim, switched to the damaged version of the 
plane, and resumed the sim flight. I set up a virtual 
camera distant enough to capture the entire sequence 
in one shot. I positioned the camera to include the 
ground in the shot, for a stable frame of reference. 

This had to be a distant shot, so the resolution is poor. 


The sequence is shown below. The distance is marked 
off in feet, zero being approximately the center of the 
first image wing chord. Aircraft images are at half- 
second intervals, with some error due to the sim pro- 
cessing cycles. As a sanity check, at 160 knots the 
plane would be going 270 feet per second, and this 
seems to match the distance between the first and third 
plane images. 


The image was composed by taking the portion con- 
taining the plane from successive frames and combin- 
ing them, keeping the camera fixed. Notice how 
sharply the tail moves down in the second and third 
frames. 


This sim run was intended to demonstrate the concept, 
not to show that the CG actually moved a specific 
number of feet or the weight lost was a specific 
amount. I guesstimated the numbers, and the test 
shown here happens to be from my first settings, 
though I had to run it several times to get the camera in 
the right place. 


Page 127 


The sim model in this state is highly sensitive to a 
small change in CG, and moving it a few feet gave 
very different results. The sim run is not proof that 
this gyration is the only thing that can have happened, 
but that it is plausible behavior for the damaged plane. 


The tail-first and upside-down position at the end is 
ephemeral. If the sim runs longer, the tail continues to 
drop, and the plane ends in a stable tail-down position 
until it hits the ground. If the CG is a few feet for- 
ward, the sim plane doesn't complete the pitch-over, 
and porpoises until it hits the ground. 


The sim plane gains very little height in this maneuver. 
In the 0-350 foot range the wings are providing lift, 
but by the 400 foot point the wings are essentially flat- 
on to the direction of travel. This is about 1.5 seconds 
into the run. Any height gain after that point is from 
the vertical inertia acquired in the 0-350 foot range. 
Again, the exact numbers aren't to be trusted, but the 
sim plane appears to gain only about 75 feet. 


The distance traveled is very close to the case for 
N137US. After striking the right wing and a major 
impact sufficient to separate the remaining engines, the 
plane was probably doing something in the 130-140 
knot range, and the distance traveled here would be 
correspondingly less. 


This looks like a hydrofoil blow-over. With the sim 
run as an example, I used Blender to illustrate (in a 
video and on the following pages) what now seems to 
be the most reasonable sequence for the main fuselage. 
As with my other videos, it's available on YouTube 
and tagged "N137US". 


| | | | | 
1100 1000 900 800 700 600 


| | | 


500 400 300 200 100 0 


The Main Fuselage Page 128 


After the right wing hit, tearing off engine three, the The bottom image is a third of a second later, showing 
left wing was slammed into the ground, separating en- _ the plane rising toward its maximum height as it nears 
gines one and two. A half-second later top image the tree gap. 


shows the fuselage starting to lift, while all the engines 
are moving toward the trees. 
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The top image is 1.25 seconds after the heavy impact, The bottom image is the view from the west as the 
and corresponds to about 400' of movement in the sim plane clears the gap. The tail is still in the process of 
graphic above. The wings are now flat-on to the direc- swinging forward. 

tion of travel and no longer lifting. It may have 

brushed the trees, but left no visible damage. 
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The top picture is as if taken from the control tower, The bottom view shows the plane, with the control 
again about 1.25 seconds after the heavy wing impact. tower in the distance. A brief view of the truncated 
The reports indicate the plane was out of sight, but I fuselage, whether from the tower or other vantages, 


can't be sure of the tree heights or the height the plane may be the source of the cartwheel description. 
reached. The images here reflect the maximum height 
in the arc. 
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The last two images show the plane arriving at the fi- | The simulator gives us a template for understanding 

nal wreckage site. The impact here is just over 2 sec- | what might have happened. But to establish that it is 

onds after the heavy impact which separated the left actually relevant, we must recognize that N137US ar- 

engines. rived in essentially this state - tail first, inverted, and 
with the remaining structure intact. 
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For that we have to look at the main landing gear. 
Electra main gear stows in the inboard engine nacelles. 
The gear hinges near the wing's center between the > 
spars, and when the gear is retracted the wheels are 
near the leading edge and the strut system is aft of the 
wheels. This geometry guarantees that the gear can 
deploy by gravity alone. 


There is a shroud between and behind each main gear 
wheel pair. This houses a brake hydraulic line and 
torque arms that hold the wheels straight. When the 
main gear is retracted, this shroud is on the underside 
of the wing, covered by the gear door. There is no pro- 
trusion toward the front when the gear is down. The 
closeup of the fireman and main gear shows the torque 
arms on top. This confirms that the wing is upside 
down. 


Figure 25 
Main Landing Gear 
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The main gear strut when down is slightly aft of the 
wheel hub centers, and that is also visible in the image 
below. The rest of the main gear strut system is to the 
right in that picture, meaning that the leading edge of 
the wing is toward the first impact point (east, and 
left). 


The next question is whether the wing arrived upright. 
In order to not give up on the CAB upright slide sce- 
nario, I once hypothesized that the wing and aft fuse- 
lage broke apart late in the slide, and the wings and aft 
fuselage flipped over independently. 


If the plane had slid backward and upright as the CAB 
said, and if the wings did not flip over at the final stop- 
ping point, the shroud would not be visible. In that 
case we would be seeing the front, not the back, of 
each wheel pair, looking down through the burned 
through top of the wings. If the plane slid backward 
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and the wings did flip over, the wheels would be to the 
right (west) of the strut system. So the plane can not 
have been sliding backward just before it finally 
stopped. This is not a trivial error. For the plane to 
have slid backward and upright, and the wings end in 
this position, the wings would have had to swap end- 
for-end as well as flipping over. The upright tail-first 
slide is impossible. 


This error belongs to the CAB alone. The ALPA re- 
port says "The right wing out to station 293 remained 
with the inverted main wreckage; the lower skin al- 
most completely melted away and fell onto the top 
skin". The ALPA has the configuration right, but pro- 
vides no explanation as to how it got there. 


The ALPA went public with this report six months be- 
fore the CAB report was released, but the CAB main- 
tained its story from the day of the crash onwards. I 
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suspect the ALPA pointed this out explicitly because 
they already knew how the CAB was telling the story, 
and wanted to correct it. 


All the investigators knew exactly how the wing was 
oriented while they were salvaging it. They recovered 
flap tracks and noted the wheel conditions. It is imme- 
diately obvious that the plane could not have been slid- 
ing tail-first and upside-down, because the vertical 
stabilizer is mostly intact. There is no groove in the 
ground that would have been made by the vertical sta- 
bilizer, and the remaining rudder is undamaged and 
properly aligned. Any investigator would see all this. 


I said it's necessary to show that the final site was 
reached tail first, inverted, and with the final structure 
more or less intact. It's clear that the wings must have 
arrived inverted and tail first, whether that means slid- 
ing nose first and flipping at the end of the slide as I 
once thought, or lofted through the air tail-first as I've 
now modeled it. The best evidence that the empen- 
nage arrived the same way and all connected is that it 
exactly fits the wings. 


The only image I have of a more-complete aft fuselage 
is the picture below, taken early in the fire-fighting 
effort. The aft fuselage is not all burned through, and 
extends to meet the wing (and the wing's portion of 
fuselage) but is not unequivocally joined to it. The 
fuselage has rolled, so any remaining connection 
would be limited to shredded structure and cables. 
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Note the heavily dished-in look of the fuselage under- 
side, which will later be destroyed by the fire. This 
indicates the force of the impact that separated the 
three remaining engines, and would have seriously 
compromised the structural integrity of the aft fuse- 
lage. This corresponds to the violent down-swing of 
the tail shown in my composite image. |27 


There are two scenarios that can explain the final con- 
figuration of tail section and wings: Either they broke 
apart in the final impact, or fire destroyed the connec- 
tion before this picture was taken. 


The first possibility is that the final inverted impact 
fractured the fuselage just aft of the wing. The fuse- 
lage was already badly damaged. The left wing ar- 
rived at the final site, but was found broken up. This 
suggests the inverted impact was substantial, and a fu- 
selage fracture seems plausible. 


If we assume about a quarter of the fuel was lost from 
loss of the right wing past WS 293 and incidental dam- 
age to other tanks, then about 18,000 Ibs of fuel re- 
mained for this final impact. The wings with the main 
gear and fuel load formed perhaps 2/3 of the roughly 
68,000 lbs remaining at this point, about 45,000 Ibs. 


The disconnection would have come not from a torsion 
break, but from crushing the fuselage in the wing area. 
The fuselage aft of that, not being under the wing load, 
would remain standing, and the belly and floor struc- 
tures would have torn downward at the aft spar. This 
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would effectively separate the two nearly to the cabin 
top, allowing the tail section to roll south. 


In the photo, the tail section has rolled toward the 
south before the fire has consumed much of the fuse- 
lage. If the fire achieved the separation, it must have 
been much more intense at the point of separation than 
it was just a few feet aft. So I suggest it's more likely 
than not that the wings and aft fuselage broke apart 
from impact forces alone. 


But it's possible this appearance is an artifact of the 
timing of this image. This picture might have been 
taken just as the break became complete. Either way, 
the best evidence I have that the wings and remaining 
fuselage arrived at the final site together is to reverse 
engineer the final wreckage and the destruction. 
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The following images show the remaining wreckage 
consisting of three areas - the wings as seen in the pri- 
or overhead shot, the empennage and enough of the 
tail cone to show orientation, and the connecting aft 
fuselage which was mostly destroyed. This is a sim- 
plistic model. This image is captured at the moment 
the fuselage roof has swung down to impact the 
ground. 


In the second image I show the wing section flat on the 
ground, crushing the fuselage that had been over it. 
The fuselage has fractured. The wings are about to 
bounce up a few feet before falling into their final con- 
figuration. 
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The first image below shows the model after the fire ing the arrival of the joined wing and aft fuselage at 
has burned out the center section. The wings after the final site. It is not necessary or plausible to suggest 
bouncing settled at a slight angle. The tail has rolled —_ that the wing section and tail section broke apart near 
over toward the south. The lower image is the aerial __ the end of the CAB tail-first upright slide path, gyrated 
photo of the site. The animation graphic is a close ap- separately, and managed to end up this way by chance. 
proximation of the real life view. 


We have three good reasons to say the CAB tail-first 
This illustration is not evidence that the fracture hap- _ upright slide cannot have happened: (1) There is not 
pened by either one of the two agents. My point is that enough space between the trees for the plane to slide 
the configuration seen in the actual photo is conceptu- through. (2) The tail-first upright slide is incompatible 
ally accessible as the result of a fire or impact follow- with the tail-first inverted final disposition. (3) The 
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flight simulator gives a conceptual model for the 
plane's behavior after losing the remaining engines, a 
model which resolves the first two points and matches 
the physical evidence. 


It is unconscionable to have described the backward 
slide in the CAB report, given the final disposition of 
the plane. It is difficult to accept that these two offi- 
cial reports cannot agree on whether the plane is right- 
side-up or not. And once we've dismissed the back- 
ward slide story, questioning the vertical bank is not at 
all cavalier, but prudent. At this point, these two re- 
ports should not give the reader much confidence re- 
garding the impact and breakup reporting. 


Depending on the height reached by the plane and the 
height of the trees, the blow-over might have been vis- 
ible from the tower or other witness vantage points. 
Since the plane by that point was heavily damaged, a 
flash of aluminum might not give the viewer time to 
understand what he was looking at. This might have 
been enough to clinch the cartwheel mindset. In fact it 
was not a cartwheel (a yaw run wild) but a pitch-over. 
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The tanks were leaking fuel all along the plane's path, 
and there were small scattered fires. If the plane came 
to rest without the last impact, it would certainly have 
been in flames. But newspaper accounts mention ex- 
plosions, and rescuers said they were unable to ap- 
proach. That makes sense if the tanks had expelled 
fuel in a wide spray (as a result of the final impact) 
which then ignited explosively. 


The ALPA report notes that the left wing was broken 
off in two pieces outboard of WS 293, but does not 
note where they ended up, other than saying the whole 
wing was at the final site. The whole wing is not ap- 
parent in the overhead. The close-up below is the only 
unequivocal left wing shot, showing the number one 
nacelle bottom. This image shows the top skin melting 
onto the bottom, as the ALPA pointed out and the 
CAB ignored. I have modeled the wing as folding in 
toward the fuselage after the impact fractured it and it 
bounced. 
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The left wing is reported as breaking off at the same 
location (to the inch) where the right wing was de- 
stroyed at the railroad embankment. This is intriguing 
to the point of suspicion, given other errors. 


When the plane stopped there were perhaps five to ten 
people alive in the aft fuselage. A witness reported 
screams after the plane came to rest, but early rescuers 
could not get to the passengers due to the flames. 
Some witnesses said they heard screaming while the 
plane was still in the air, which is possible given that 
the cabin was open to the front and the engines were 
gone. The people were certainly terrified and perhaps 
in shock. Seatbelts of that era could jam if placed un- 
der a heavy load, and landing upside-down might well 
have been enough strain to jam them. 


There is a passenger access door on the left side close 
behind the wing, and a galley access door on the right 
side much closer to the tail. The passenger door at this 
point was against the ground, perhaps flattened by the 
wing, engulfed by fire and not accessible. The galley 
door was now upside down, and may well have been 
blocked by debris. The impacts may have torn loose 
the galley modules. The only light came in through 
windows. For whatever reason, no one managed to 
open this door. The picture of the plane in flames 
shows no smoke coming from this door. 
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The plane's main body and passengers had a terrible 
ride. I count four major impacts: (1) The right wing 
and number four engine on the railroad embankment, 
after severing a power line. (2) The nose, leading to 
the forward fuselage breaking off. (3) The belly at the 
wing root bouncing off the ground and dislodging the 
left engines. (4) The final impact of the cabin roof and 
tail as the plane fell upside-down. 


To recreate the impacts to the plane means to recount 
the experience of the people. This was not quick or 
merciful. 
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The Argentine Naval Crash 


We have a close match to the crash of Flight 706 in the 
crash of Argentine Navy Electra 6-P-101 on Septem- 
ber 20, 1989. We can use the Youtube video to esti- 
mate what Flight 706 might have done, and rule out 
part of the CAB scenario. The video quality is poor, 
but enough to extract some value. 


6-P-101 was attempting a go-around at the Admiral 
Zar naval base. The left main gear was not down, but 
the right and the nose were. The pilot made an ap- 
proach, apparently felt he was too high, and tried to go 
around. Emergency vehicles are standing by, and the 
photographer expected to film a landing. 


As the plane passes behind the window frame or pillar 
visible in the above image, the right wing can be seen 
to suddenly drop. The entire number two engine is 
now visible at a bank angle of 35 degrees. The plane 
is now at its maximum height of just over a hundred 
feet. 


20. 3 1983 


The aircraft was moving at 222 feet per second, or 131 
knots, judging by the time it took to pass objects near ; ; ; ; 
the runway. The runway is essentially at sea level, As it reappears from behind the pillar, there is clearly 
about 140 feet elevation. I don't know what load the daylight between the number two engine and the fuse- 
aircraft was carrying, how full the tanks were, or the lage. The nose has obviously dipped. 

temperature, so we can't guess stall speed. 


| 


As the plane climbs to go around, it banks right about 
25 degrees. The number two engine is about half visi- 
ble. Call this point "A". 


As the plane approaches another pillar at a bank angle 
of 45 degrees, the right wing and nose have dropped 
further. This is four seconds later than point "A". 


The Argentine Naval Crash 


This group of images show the plane after it reap- 
peared from behind the last obstruction and before 
it hit the ground. These images were chosen not to 
represent equal time intervals, but because they 
were the clearest. The circles mark the successive 
positions of the nose in the sequence. 


The camera was moving wildly during filming, as 
shown by the relative positions of the timestamp. I 
lined up the images using the horizon and some 
closer landmarks that are cropped out of the final 
images. 


The distinctive curve in the path is the signature of 
the plane behaving as a ballistic object instead of a 
flying one. The plane has lost all lift starting with 
the right wing, and is accelerating toward the 
ground. The steepest slope angle looks like 13 de- 
grees. 


In the crash sequence the plane is partly concealed 
by a berm or dike. The last picture seems to show 
that the descent slope has decreased. This suggests 
that the right wing has hit the ground at this point, 
though concealed by the berm. 


This curve is the kind of slope we should see if 
Flight 706 were in a 90 degree bank or anything 
close to it. The Argentine Electra is in about a 60 
degree bank. 
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13° slope 


13° slope 


The Argentine Naval Crash 


The next few images are built from combinations of 

screen captures. The two best images of the left and 

right side of the whole scene were matched up at the 

latticework structure near the middle, and the aircraft 
portions were edited out of both to give a plain back- 
ground. The image quality on the left is quite poor. 


Several images from the crash sequence are then su- 
perimposed at the same scale, to illustrate the reaction 
0 100 


200 300 
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of the aircraft. The scale across the top is in feet, and 
is arbitrarily zeroed at the tail of the first plane image. 
The scale was calibrated using the fuselage length of 
104 feet. 


The crash path appears to be at right angles to the 
viewer, near as matters. 
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Lrcceloccodcccetocccberecdocecloctelescslette depot ene lecreloseedoveeloveelooedl 
Nose down 3.5° 


The horizon is the Atlantic Ocean. The right wing is 
partly obscured by a berm. The prior image sequence 


ends a frame before this sequence starts, and the appar- 


ent change in trajectory shown at the end of that se- 
quence may mean this is at least the second frame 
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400 


where the right wing is in ground contact. The plane is 
at about a 60 degree bank, so as the right wing drags 
on the ground we should see this as the fuselage will 
rotate toward its one o'clock. 


500 600 700 800 


Nose down 4.2° 


Dust from the right wing impact is now showing be- 
hind the berm, and the dust is aligned close to where 
the wing was in the prior image. There's a little delay 
here, since the dust has to kick up over the top of the 


berm before we can see it. The dust begins about the 
60-foot mark. The plane has rotated minimally toward 
its right, after dragging the right wing for about fifty 
feet, 
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Nose down 5.5° 


After dragging the right wing for about 140 feet, the nose has dropped a bit more and the left wing appears to be 
moving forward as the fuselage swings toward the right. 
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Nose down 8.5° —_ Left wing looks like its rotated to pathwise 10 o'clock 


This image is poor quality, but it's clear that the left wing is swinging forward to about the pathwise 10 o'clock. 
In other words, straight ahead on the crash path being 12. 


At this point the right wing has been in contact with the ground for about 160 feet. 
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Fuselage angle about 9°. Left wing rotated to about pathwise 10:30 


The nose has dropped a little more, and looks like it's in contact with the ground but hidden by the berm. The 
bank angle appears to be about 45 degrees. The leftmost dust above the berm now appears as a faint puff at 
about the 20-foot mark. The plane has been in ground contact for about 180 feet. 


The total fuselage rotation was about five degrees toward the right. This rotation required dragging the right 
wing continuously for at least 160 feet. 
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The fuselage center (wing root) appears to be at the 290 foot mark. The plane continues to rotate horizontally. 
Much of the fuselage is probably in ground contact. 
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lcccclrevebeeertritelivetlorerlarieloccelorcy eae eee cccolocredeeral 
Plane is approximately nose-on after 400’. 


The plane is now approximately nose-on to the photographer centered about the 400 foot mark, after at least 
350 feet of ground contact. The height of the left wing in this image and the prior image suggests that the left 
wing has been ground down near the root. The left wing is lifting in the hydrofoil blow-over effect. 
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Plane stops tail-first at about 750’. 


7” 


The plane continued to rotate to its right while sliding. It stops with the tail at about the 750 to 770 foot mark, 
and has swung around about 180 degrees. 


The Argentine Naval Crash 


There are three key lessons we can draw from the Ar- 
gentine crash: The final trajectory, the impact dynam- 
ic, and survivability. 


Video of the crash is currently available at 
https://www.youtube.com/watch?v=1OezfOROS60 


In viewing the video, it's immediately apparent that the 
plane is accelerating downwards in the final couple of 
seconds. This would not be mistaken for a gradual 
descent., and charting the path reinforces the lesson. 
The Argentine plane was at about a 60 degree bank 
and descending on about a 13 degree slope, while 
Flight 706 was said to be in a bank of 90 to 110 de- 
grees, depending on the report and descending on a 
five degree slope. 


The most important lesson is that the plane rotates on- 
ly slowly about its vertical axis when a wing hits. The 
right wing in the Argentine case was in ground contact 
for about 180 feet before the nose finally hit and 
stopped any further downward rotation. Rapid rotation 
is key to the CAB scenario, and slow rotation is a fatal 
flaw. 


The CAB says that the right wing strike (not continu- 
ous ground contact) on a berm and railroad embank- 
ment was enough to initiate a cartwheel. This brought 
the nose in ground contact, breaking off the forward 
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fuselage and finishing the rotation to 180 degrees in 
about 300 feet, after which it slid backward over 800 
feet to the final site. 


By contrast, the Argentine crash shows that the right 
wing in such a case will be ground down to the root by 
the time the nose hits. Since Flight 706 didn't have 
nearly the duration of ground contact, there would 
have been even less rotation. The Flight 706 cartwheel 
concept is refuted by the Argentine crash. 


The final lesson is the robustness of and survivability 
in an Electra in a crash. The Argentine plane had 23 
Naval personnel aboard. The flight crew were all in- 
jured, but there were no fatalities. This plane came 
down at what looks like about a 13 degree slope, 
which at 222 forward feet per second means a drop of 
50 feet per second, 3,000 per minute. Flight 706 was 
descending at a rate of about 23 feet per second, 1400 
per minute. 


I can't estimate the deceleration provided by the right 
wing contact, or the G-forces endured by the passen- 
gers. 


The Impact Sequence 


I've tried to outline an impact sequence for Flight 706 
that corresponds to the photographic evidence and 
does as little violence as possible to the official re- 
ports. In the ALPA and CAB reports some statements 
are obviously wrong, and some are very likely wrong. 
The CAB report posits an 820 foot upright backward 
slide that does not seem to overlap with reality. The 
ALPA describes a wing impact that is incompatible 
with the bank angle implied by the same report. 


Nothing in the images seems to conflict with a rough 
belly impact and subsequent breakup. When this se- 
quence occurred to me, I started framing the evidence 
in those terms to see how it fit. The strongest evidence 
against my case seems to be the witness statements as 
to the bank angle. Those statements conflict with 
physical evidence from the reports, and describe a tra- 
jectory that seems physically impossible. 


The ALPA report says there were 56 useful witness 
statements. Of those, it's likely that at least some saw 
some portion of the breakup sequence, and at least 
some saw this as a failed belly landing. But those 
statements didn't make it into the official reports, and 
might as well not have existed. 


The Chicago Tribune has a description of the impact 
sequence which closely matches my scenario: 


"After the plane hit the tracks it bounced back into 
the air, flying another 300 feet to hit with tremen- 
dous force in a swampy slough. Then it bounced 
again for 100 feet before sliding to rest 800 feet west 
of the tracks." 


If we take the 100 feet to mean an altitude, this is re- 
markably close to the scenario I've sketched here. At 
least someone, it appears, saw the whole thing and re- 
lated it to the reporter. If the CAB or ALPA got this 
recital, they ignored it. 


I have said that the CAB investigators seem to have 
been held in low regard by Lockheed and Northwest. 
Evidence for Northwest's view is documented in Don 
Nyrop's letter. Evidence for Lockheed's view comes 
from the flight path map. I owe Lockheed a word of 
appreciation here. 
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When a reader first suggested I look at turn and bank 
calculations, I started by overlaying the CAB map with 
circles to measure the turn radius at different points. 
When the CAB report said that Lockheed held the in- 
ner curve to be the only possible path, it didn't dawn 
on me until much later what that signified. 


To say that this was the only possible path is a remark- 
ably assured statement. It does not sound like Lock- 
heed was simply more discerning in its choice of 
witnesses to believe, which might have resulted in a 
statement of heightened confidence but certainly not 
one of such bald certainty. And no other means of re- 
cording the flight path is mentioned in any report. 


The only reasonable explanation for Lockheed's state- 
ment is that the team calculated the path. I have no 
direct evidence, but I will assert this. With slipsticks 
and pencils they ran iterations just as I did with an Ex- 
cel spreadsheet, and they kept on until they had de- 
rived a path that ended at the impact point. 


When they had finished the path calculation, they said 
they had found the only possible one. When I ran the 
Excel routine I came close to the same path. When I 
flew the simulator I came up within a wingspan of the 
same path. Lockheed knew it was the only path not 
because witnesses agreed but because they ran the 
math. 


This means that Lockheed knew the plane hit at much 
less than a vertical bank. The Lockheed team would 
have known how debris was distributed, and if engine 
four came off at the tracks then Lockheed knew the 
plane hit at no more than about 35 degrees. To have 
drawn the final path segment, Lockheed had to have 
understood the final bank angle. 


The inner curve on the map was not something drawn 
by a draftsman with a French curve, nudging and 
tweaking while a bunch of guys looked over his shoul- 
der until they had a consensus. It is the plot of their 
turn and bank calculations. The CAB gave Lockheed 
all the witness statements, so it was not exactly dishon- 
est of the CAB to say those curves were part of Lock- 
heed's investigation, but trowelling those on top of 
Lockheed's calculations must have been like a slap in 
the face. 
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The inner curve is like a hand print in cement; it me- were lost when the wings separated in flight from vi- 
morializes Lockheed's presence. It is evidence that bration problems. Others were lost to bird strikes and 
due care was taken by at least some of the investiga- pilot error. It was vital that confidence be restored. 
tors, and it's a permanent record of what the Lockheed 
team was thinking. Even after granting that, the behavior of the CAB still 
strikes me as unconscionable. The Chicago Tribune 
What we see in the CAB report looks like a rush to for the following day has an artist's rendering of the 
judgment, which is at least partly understandable. The impact sequence. It shows the plane hitting the tracks, 
Electra at this point was a troubled plane. Two aircraft flipping around and sliding backward to a stop. 


The Impact Sequence 


We can be confident the reporter didn't make this up. 
It's an unlikely scenario, the paper had plenty of re- 
portable facts without inventing anything, and wasn't 
shy of using purple prose to entertain its readers. It's 
doubly unlikely that something invented by a reporter 
would just happen to match the CAB's later conclu- 
sions. This slide scenario had to come from the CAB. 


A morning newspaper edition is "put to bed" around 
11 pm to give time to get the plates on the presses, 
print it, and distribute to the paper routes. The artist 
who drew this would have taken an hour or two to 
draft it in consultation with whoever gave him the de- 
scription. Being on the back page of the first section 
means this printing plate (which also contains the front 
page) was the last one to be put on the press. But even 
as the last plate, this graphic must have been in prog- 
ress by about 10 p.m. at the very latest, and more like- 
ly by 6 or so. 


Through AP or UPI channels, this graphic may have 
been provided to any number of other papers. This 
means the CAB had very publicly put its stake in the 
ground on the impact sequence by the afternoon or 
early evening of the day of the crash. This by itself is 
evidence of excessive haste to take a stand by the 
CAB. By eight to ten hours after the crash, the CAB 
gave the press its scenario for the impact sequence, 
and never altered it. Once the stand was taken, and 
given the public relations nightmare posed by any un- 
certainty in yet another Electra crash, they had a pow- 
erful incentive not to retract the story. 


This rush to publicity by the CAB falls well short of its 
charter. This is slapdash work. 


For the whole of the evidence, an almost-survivable 
belly impact is the simplest explanation, and that is 
how I describe it here. This scenario has the most ex- 
planatory value given the images that we have. I've 
tried to present it in as much detail as possible, to show 
the ways in which it is either congruent or conflicting 
with the evidence. I've shown my conclusions and al- 
so how I got there, because there may be errors in my 
method as much as my results. I have discarded many 
ideas along the way. 


It was unconscionable to report that the plane slid 
backward and upright, as the CAB did. Reporting that 
it cartwheeled and broke up was not unconscionable so 
much as it was lazy. No one in the newspaper ac- 
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counts reported a cartwheel, and the accounts of the 
impact clearly contradict it. But the plane was largely 
out of sight, a bounce may have been visible, there was 
a mass of smoke and flame, so it was good enough. Of 
course it cartwheeled and broke up - they all do. 


I have referred to this as a "belly impact" rather than a 
"belly landing" because a landing implies that the crew 
meant to land. I now think this was an inadvertent im- 
pact resulting from managing their descent to avoid a 
stall. At a height and attitude where their situation was 
becoming recoverable, they hit the high tension lines. 

I don't know whether the powerline impact was the 
fatal blow to their hopes, or they were going to hit the 
embankment anyway. 


In the official reports the plane cartwheeled or tum- 
bled. But the simulation evidence shows it most prob- 
ably did a hydrofoil-style blow-over starting from a 
nose-first attitude. I see no conceivable way to get to 
that mode once it started tumbling. 


The ground marks and the debris tell the story; reading 
it requires that we understand each impact in sequence. 
Each impact is understandable only in light of the 
plane's attitude, and that depends on how the prior im- 
pact left it poised. From the final configuration we can 
back-calculate all the way to the bank angle at the rail- 
road track. I can find no path backward from the final 
configuration to a cartwheel. This looks like a belly 
impact following a shallow bank. 


The recital of the airframe's impacts is also a chronolo- 
gy of the passengers! suffering. What the shell failed 
to survive, the people failed to survive. For some the 
ending was fast; for others it must have seemed an 
eternity. The price we pay for understanding the 
breakup sequence is this: We have to confront the ugli- 
ness and terror of those deaths. This was awful. 


I don't recommend this document for anyone who was 
personally wounded by the crash. There is no shame 
in not wanting to go there. If those scars are at rest, as 
much as they can be, one should carefully consider 
before scratching at them. There is a cost when we dig 
for truth on old ground. When I started I didn't know 
where this project would lead me. 


The Body 


This brings us to the body on a stretcher. When I first 
saw this image I wondered whether any information 
about it could be elicited. I considered not buying it 
with the others on eBay, because it didn't seem to have 
anything to add to understanding the crash. I pre- 
sumed it wasn't Dad because the body at first glance 
looked burned, and I initially guessed it came from the 
main wreckage where the fire had been intense. Only 
in the main wreckage was there a major conflagration 
with melting aluminum. But there was some fire dam- 
age in the forward fuselage, so limited burn damage to 
a body doesn't really prove anything about where it 
was. 


The picture was taken near the trees, not out in the 
open. Most important, the nose gear is visible on the 
left edge of the frame. To verify that we have located 
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the nose gear correctly, notice that it's in an area of tall 
grass just in front of some trees. If you compare this 
to the image on the following page you see the same 
flattened grass to the south, and the taller grass in front 
of the grove of trees. Since the main gear is accounted 
for, the wheels can only be the nose gear. The nose 
gear must be in location C. This is magnified in the 
picture 118 in the Nose Impact chapter. 


Between the cockpit and the passenger door are twelve 
passenger seats. There could also be a flight attendant 
jump seat in that area. It's not clear how many people 
might have been in the fuselage part represented here. 
The flight was half full, 32 passengers of a possible 61. 
With that ratio we could expect maybe 7 people in 
those forward seats, and perhaps five of those would 
be men. Both the flight attendants were women. So 
it's reasonable to think there were about 8 men forward 
of the crumple zone. 


The Body 


The stretcher is at point D in the photo, and the pho- 
tographer was standing at B. Stretchers are being car- 
ried through the debris field, and the photographer is 
standing on undisturbed ground on the south side. All 
the ambulances are near the main wreckage, in the up- 
per left corner. 


Based on the closeup provided by 2014 Image 04 
222, there are bodies in this area covered by white 
sheets. So in the image here, any object of about the 
right size and white may be a body covered by a sheet. 
These pictures were taken only about three hours after 
the crash. 


The stretcher is being carried right-to-left (and looking 
north), so the body came from somewhere east of the 
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nose gear. The only people in that area of the site were 
the cockpit crew and possibly seven people from the 
forward fuselage. This gives a candidate population of 
eight males, more or less. Since the body on the 
stretcher seems pretty clearly a male, there is at this 
point about a one-in-eight chance that this is Dad. 


At this point the evidence may be discomfiting for 
family members. It definitely made me uncomfort- 
able. 


It's not clear what we're seeing on the right shoulder. 
It looks like it could be a burn, which was my first im- 
pression, and we're seeing melted or burned cloth. If 
this is a burn, it's a very severe one. It could be that 
the coat is peeled back, possibly some flesh is missing, 


A - Cockpit debris 


B= Photograjonhier 
C =Nose wheels 
D = Stretcher 


The Body 


and we're seeing exposed muscle and perhaps bone. It 
could be either of those, with a layer of dirt over it 
from how the body fell. It's not clear whether the arm 
continues back into the sleeve farther down, though it 
appears to do so. This being a black and white picture, 
all the blood looks black, so it's inconclusive. 


The reports indicate scattered fires in this area of the 
crash, mostly caused by the splashes of kerosene. 
There was fire damage in the forward baggage com- 
partment, the forward fuselage, and in the cockpit. 
Since the cockpit was destroyed by the impact the 
crew members were ejected before any fire got going. 


1961 PageS 218 is the only photo that shows active 
fires, and its field of view would just barely include 
the forward fuselage at some distance. Given the di- 
rection of billowing smoke from the main wreckage, 
such smoke from the forward fuselage should be visi- 
ble, but there's no apparent smoke from that part of the 
site. The day was breezy, with the wind coming from 
the southwest. 1961 PageS was taken early in the re- 
sponse. The aft fuselage has not yet burned through. 
There is only a single fire truck on site in this view, 
which later will be packed with ambulances. The lack 
of smoke to the east says that any fires there were out 
before the main wreckage was consumed. 


The Chicago Tribune on Monday’s page 13 quotes one 
witness saying “the pilot section of the plane was 
burning fiercely”. Several witnesses who were imme- 
diately at the scene mentioned burning bodies. But 
any fires east of the main wreckage seem to have been 
of short duration and/or small. 


Bodies that are extensively burned have to be removed 
from the site in the posture they occupied when they 
died. If the interior of the forward fuselage burned 
out, we could expect that to be obvious in the state of 
victims inside. This victim is lying supine on the 
stretcher, so we can at least say he was not inside a 
heavily burning forward fuselage. There clearly is fab- 
ric dangling off the stretcher near the waist and on the 
lower right leg, so no fire reached that area. The gen- 
eral appearance of this body matches what we'd expect 
from this zone of the site - death from impact injuries, 
with possible moderate burning. So perhaps the right 
shoulder is burned, but impact damage seems more 
likely. 
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The right foot is missing. Under magnification it's 
clear that the missing right foot is not an illusion 
caused by a fold of the paper. An edge of the paper 
can be tracked where it crosses behind the pants leg 
end. Beyond the right leg the paper appears to fall 
away. If there were a left foot, the paper (which ap- 
pears fairly stiff) would be sloping up toward the right 
to cover the toe of the shoe. Instead we see a bundle 
of folds, as if the paper at that end of the stretcher had 
been gathered into a bunch to keep it under control in 
the breeze. So we're clearly missing the right foot and 
probably missing the left. 


About where the right hand should be some ragged 
fabric hangs over the stretcher side and again loose 
threads. These fragments are likely to be part of the 
right sleeve. The fact that they're near the right hip 
suggests that the sleeve and therefore the right arm are 
roughly intact to that point. The fact that they drape 
over the side of the stretcher instead of being tucked 
against the body makes it doubtful that the hand is still 
there. 


If these are not from the right sleeve, then the coat is 
apparently torn enough for these fragments to lie on 
the stretcher farther from the torso than one would ex- 
pect. If they are from the sleeve, then the area of the 
right hand or wrist had significant damage. The right 
pants leg end appears torn and the cuff is missing; 
there are irregular edges of the fabric and loose 
threads. A little above the ankle are large tears. In 
combination these suggest severe injuries along the 
right side, and add weight to the idea that the right 
shoulder shows the coat torn away rather than burned. 


The cockpit floor was destroyed and the crew seats 
were all torn loose. Dad's control wheel broke for- 
ward, reportedly from the pressure of his hands but I 
doubt that's possible. Most of the instruments were 
destroyed. The impact forces throughout the cockpit 
were devastating, and all the crew may have been dis- 
membered to some degree. There's no reason to say 
only one could be in this shape. 


There were three groups of people forward of the box 
girder: Those in the cockpit, those in the forward fuse- 
lage, and those in the crumple zone. Those in the 
crumple zone should have ended up well west of the 
photographer. If A does mark cockpit debris, the men 
from there would almost certainly have been carried 
across point D. 


The Body 


Newspaper stories quote witnesses who apparently en- 
tered the site from the east and encountered bodies, but 
the victims’ locations are not clear. They talk about 
approaching the main fuselage when it erupted in 
flames. On average, according to witnesses quoted by 
the papers, victims from the forward part of the plane 
were not mutilated. Those from the after part (farther 
west) were in much worse shape. This body, however, 
qualifies as mutilated. 


Still, the cockpit crew bodies were in moderately good 
shape. That is, my father and Richard Anderson (the 
copilot) were reportedly found still strapped in their 
seats. I saw no mention of the flight engineer (Wayne 
Fuller). This means we're talking about a low degree 
of dismemberment; they were recovered as bodies, not 
as collections. 


I see no significance in the fact that we have a picture 
of this body in this location and not some other. That 
is, I don't see the photographer taking this one because 
recovery workers said it was the pilot, for example. If 
that were the reason for the shot, it would normally be 
stated in the caption. I have one other picture of a vic- 
tim on a stretcher in the main wreckage area. News 
photographers shoot a lot of film and discard most of 
the results. The recovery workers were firemen and 
policemen, and might not have recognized crew insig- 
nia. So I'd say it's the luck of the draw, nothing more, 
that we have this particular image. 
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This body shows the kind of damage we'd expect if it 
went through an ordeal like the cockpit presented that 
day. I have the mangled lighter that was in Dad's 
pocket, and my sister has the ring he wore on his left 
land with the inset stone fractured, so this level of inju- 
ry is no surprise. We grew up knowing this. 


We can't rule out that this man was a passenger. The 
level of forward fuselage destruction is not clear from 
the documentation I have. But the ALPA said the 
floor was intact, and if we accept that description then 
we would not expect this kind of damage to passen- 
gers. So it's more likely than not that this person is a 
member of the cockpit crew. That makes a one-in 
three chance of this being Dad. 


Like a memorial to the Unknown Soldier, this image 
will have to substitute for certainty. This is a picture I 
never expected to see, nor would have gone looking 
for. Perhaps it really is my father. If not, it's a man 
who helped him try to save the passengers and the 
plane. There are things here that I didn't want to see, 
but, having seen them, I wouldn't want to have missed. 
This man is not a victim; he is a warrior carried from 
the field of battle. He did the best he could, and it was 
nearly good enough. It's a pity that it didn't work out, 
and a grace that the evidence remained for us to find. 


Conclusion 


There is almost nothing good about this crash. It was a 
horrible event, painful to contemplate, exhausting to 
write about. I have laid out on paper everything I can 
understand from the documentation I have. It's not 
nice but I think it's true. I did this because the official 
reports are clearly wrong, and there was no one else to 
do it. Writing this has cost many days of frayed 
nerves. To finally have this information after over fif- 
ty years, to in effect put myself in the crash, is like sit- 
ting at the bedside of someone dying. It's a privilege, 
but a heavy one. 


I had always understood that the crash involved a vio- 
lent cartwheel initiated by the vertical bank. In the 
common telling, there was no possibility of surviving 
this impact. The flight crew had no meaningful con- 
trol; they were just along for the ride. The angle was 
reported as near vertical by witnesses who may have 
never before seen a big plane bank that far. One un- 
trusted instrument reading is the only other evidence. 
Neither of those supports the story that the photos tell. 


The official reports got it wrong on the bank angle, the 
first impact, the cartwheel and the slide. The newspa- 
pers report witnesses describing a bounce; none de- 
scribed anything like a cartwheel. Nothing in the final 
debris configuration supports the official reports' over- 
all impact scenario. For over fifty years, the investiga- 
tors' slapdash reporting of the impact and breakup 
concealed what really happened. 


It's often said of plane crashes that they result not from 
one failure but from multiple failures. The initial fail- 
ure here was the parted control cable. In almost any 
other flight configuration this would have been a mi- 
nor problem. Lacking the autopilot, the recommended 
backup was not available. Even so the failure would 
probably have been survivable, but the low and slow 
flight gave no leeway for recovery. Finally, being in 
an intentional bank meant that when they detected the 
error their rudder authority was already compromised. 


And yet they came close to pulling it off. Only after 
considerable study did I realize how close they came to 
a survivable incident. It was nearly gentle. Aside 
from a single fatal fracture, the entire fuselage re- 
mained intact. A few degrees of up-angle might have 
resulted in nothing more than a heavy belly landing. 
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Another 50 feet of altitude might have resulted in con- 
tinued flight. 


Not being a pilot, there are things I don't understand. I 
want to know what Electra pilots would do in this situ- 
ation. I would like to find more pictures and perhaps 
debris maps, to verify details I've had to guess. For 
most of this effort I'm beyond my depth. 


More than any other incident, this crash resembles that 
of United Flight 232 in Sioux City. The crew of Unit- 
ed 232 attempted to land a plane with almost no con- 
trol, and it broke apart on impact, killing over a third 
of those on board. The Northwest crew had less time 
to prepare and a relatively heavier fuel load, but the 
parallel is obvious. Being unable to maintain altitude 
and with very little control, letting down slowly while 
solving the problem was excellent work. If that ended 
in putting it on the ground with minimal fatalities, that 
would be a good result. 


This should not be seen as an intentional landing but 
an attempt to manage the descent. They had no time to 
discuss this; they just did it. If I'm correct about the 
degraded rudder authority at their bank angle, then 
they would have had no idea until the last three or four 
seconds that they were actually close to recovery. 
Then they hit the power lines. 


The fracture of the forward fuselage killed those inside 
it, and the loss of it indirectly killed the rest. If the fu- 
selage had not broken, the outcome would have been 
hailed as an example of expert flying under terrible 
circumstances. In a situation where we'd have had 
many survivors with only a little good fortune, we had 
none at all. 


If you add weights an ounce at a time to a pane of 
glass, when it breaks you know to the nearest ounce 
what force it took. If you break it with a hammer, you 
can't tell how much less of a blow it might have sur- 
vived. We know the force on the fuselage was too 
much for it, but we can't tell how much too much it 
was. We don't know how close they came to surviv- 
ing, we just can see it was pretty close. 


The Electra is a tough plane, which is why they now 
use it as a hurricane hunter. With tanks two-thirds full 
the fire was probably inevitable, and injuries or deaths 
from the impacts alone would be unsurprising. But 
with two exits and an upright plane, a high survivor 


Conclusion 


count could be expected. After all these years, it's 
heartbreaking to realize that they came so close to suc- 
cess. 


It's sad also to realize that the crew never got credit for 
almost pulling it off. We should not have had to wait 
this long to find out. Many who loved those aboard are 
now gone and will never know. 


For Dad at least the ending was fast. The passengers in 
the aft fuselage had an eternity of perhaps five or six 
more seconds, plus some unknown additional time 
while the aircraft burned around them. The horror of 
that ride leaves me breathless. By then, Dad was be- 
yond being hurt. 


If this discussion has been too raw, I sympathize. I 
warned you not to read it. Still, this bloody and brutal 
mess has contained something of value. The crew did 
better than anyone knew, and it's fitting that people 
learn of this. I owe my father a lot. Uncovering his 
story is all I can do for him now. 


I said at the start that an offering like this should be 
treated with skepticism. It's suspicious that the son of a 
crew member thinks the crew did better than we knew. 
Many are content to dismiss this project in its entirety 
for that reason alone. Some readers are enthusiastically 
supportive, some are well-meaning and think I need 
sympathy, and some are surprisingly venomous. More 
than one has triumphantly announced the discovery of 
my Hidden Agenda. Strangers psychoanalyze me for 
free. 


This project is a puzzle, not a crusade. No one's repu- 
tation needed rehabilitating; no blame needed expung- 
ing. You may weigh the case I've presented. If the 
evidence makes the case, who puts it forth shouldn't 
matter, but to some it does. It's clear enough that the 
ALPA and CAB were wrong about the breakup, but 
that alone does not prove my reconstruction is correct. 
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My father has always been my hero, but I'm not try- 
ing to make him yours. Discovering this story 
changes nothing for me. He's not more of my hero 
for coming closer to survival than we knew, nor less 
of one for perhaps not applying left rudder fast 
enough. 


The crew told the tower what they were facing, and 
they fought the whole way down. The ALPA report 
notes the courage of the crew in transmitting all the 
way to the ground. Dad was still fighting when it hit. 
When someone's in a bad situation, that's the best 
anyone can ask for. I am enormously proud of him. 
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SA-364 File No. 1-0018 


CIVIL AERONAUTICS BOARD 
ATRCRAFT ACCIDENT REPORT 


Adopted: December 10, 1962 Released: December 13, 1962 


NORTHWEST ATRLINES, INC., 
LOCKHEED ELECTRA, L-188C, N 137US, 
O'HARE INTERNATIONAL AIRPORT 
CHICAGO, ILLINOIS, SEPTEMBER 17, 1961 
SYNOPSIS 

On September 17, 1961, at 0857 c.d.t., a Northwest Airlines, Inc., 
Lockheed Electra, N 137US, crashed shortly after takeoff from runway LER, at 
O'Hare International Airport, Chicago, Illinois. All 32 passengers and the 
erew of 5 sustained fatal injuries. The aircraft was totally destroyed by 
impact and subsequent fire. 

Flight 706 originated in Milwaukee, Wisconsin, and was a regularly 
scheduled flight from Milwaukee to Miami, Florida, with intermediate stops 
at Chicago, Illinois, Tampa, and Fort Lauderdale, Florida. While at O'Hare 
Airport the aircraft was routinely serviced and checked, and a scheduled 
crew change was made. At approximately 0855, while taxiing from the ramp, 
the flight was cleared for takeoff, and shortly thereafter the aircraft de- 
parted. Takeoff and initial climb appeared to be normal, but at approximately 
200 feet a shallow turn to the right continued into a gradually increasing 
bank of about 85 to 90 degrees. While in the turn, the crew made a short, 
garbled transmission indicating alarm. During the latter part of the turn a 


gradual descent began and, two minutes after takeoff, the aircraft struck 


the ground. 
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The Board determines that the probable cause of this accident was a 
mechanical failure in the aileron primary control system due to an improper 
replacement of the aileron boost assembly, resulting in a loss of lateral 


control of the aircraft at an altitude too low to effect recovery. 
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Investigation 
Aircraft N 137US, a Northwest Airlines Lockheed Electra, was operated as 


Flight 711 from Miemi, Florida, to Milwaukee, Wisconsin, on September 16, 1961, 
the day before the accident. After a leyover in Milwaukee, the same crew 
which operated N 137US on September 16 originated Flight 706 on the morning 
of September 17 and flew the aircraft to O'Hare International Airport. Flight 
706 was a regularly scheduled operation from Milwaukee to Miami, with intermediate 
stops at Chicago, Illinois, Tempa, and Fort Lauderdale, Florida. While on the 
ground at O'Hare Airport the aircraft was given a turnaround check, routine 
servicing, and a walkaround inspection. A scheduled crew change was made, 
and the flight was dispatched with the gross weight and center of gravity with- 
in prescribed limits. 

At approximately 0855 iy: the flight was cleared for takeoff on runway L4R. 
At this time the aircraft was taxiing on a westerly heading in the runup erea 
adjacent to runway 14R. Flight 706 acknowledged the clearance, while continuing 
toward the runway, and made a running takeoff. No witnesses were found who 
observed the actual lift-off. N 137US was observed after lift-off, 3,000 to 
4,000 feet down the runway at an estimated altitude of 50 tor 75 feet and in 
a normal climb attitude. 

At the 8,000-foot marker the altitude of the aircraft was estimated to 


have been approximately 100 feet, which is a slightly lower altitude than 


1/ All times. herein are Central Daylight based on the 2 
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Electra aircraft normally attain at this point during takeoff. Five witnesses 
noted a change in engine sound during this portion of the flight. Between the 
8,000 and the 9,000-foot runway marker the aircraft was observed to commence 
an apparently coordinated right turn with a slowly increasing rate of bank 
When the bank angle was 30 to 45 degrees, the crew made a short, garbled trans- 
mission. Immediately thereafter, at a bank angle of 50 to 60 degrees, the 
aircraft began to lose altitude. The maximum altitude attained in the entire 
turn was 200 to 300 feet. 

The right wing near the No. 4 engine struck powerlines adjacent to the 
Chicago Northwestern Railroad tracks, severing the lines at an angle of about 
70 degrees from the horizontal, and causing a bright bluish flash. The aircraft 
then continued in a direction of about 271 degrees magnetic and, when in a bank 
of about 85 degrees and a nose-down attitude of about 10 degrees, the right wing 
of the aircraft struck the railroad embankment. Continuing to roll about its 
longitudinal axis, the aircraft cartwheeled, the nose crashing into the ground 
380 feet beyond the point of first impact, and landed right side up. It then 
slid tail first another 820 feet. The aircraft disintegrated throughout its 
path, and wreckage was strewn over an area 200 feet wide and 1,200 feet long. 
Evidence of ground fire was found at various points along this path. 

Impact occurred on airport property about 3,800 feet abeam and to the 
right of the end of runway 14R, about 500 feet north of Irving Park Road. 

After passing beyond the railroad embankment the aircraft was lost to view 


by most of the eyewitnesses because of trees and other obstructions; 


CAB Report Page 162 


immediately thereafter a large mushroom of orange-red flame accompanied by 
heavy black smoke was seen. Time of impact was established as 0857. The 
aircraft was demolished by impact and fire. All occupants were fatally 
injured. 

The weather at time of takeoff was: sky clear; visibility 6 miles; smoke 
and haze; wind south at 8 knots; temperature 59 degrees F; dewpoint 52 degrees F; 
altimeter 30.40. 

Runway 14R is 11,600 feet long. Airport elevation is 667 feet m.s.1. 

The Chicago Northwestern Railroad tracks are adjacent to the southwest boundary 
of the airport. These tracks are on a fill of 40 percent slope, 20 feet above 
the general terrain toward the runway. Each of the two powerlines in front 

of the fill consists of three heavy wires carrying 38,000 volts. 

Members of the crew which operated N 137US on its flights just prior to 
the accident testified that no operational problems were encountered and that 
no mechanical discrepancies were noted during these flights. The Northwest 
Airlines crew chief who performed the turnaround check on N 137US after its 
arrival at O'Hare Airport, and who also accompanied the outgoing flight engineer 
during a walkaround inspection of the aircraft, testified that it was airworthy 
prior to its final flight. A review of company and Federal Aviation Agency 
records showed that all crew members involved were certificated and qualified 
to operate the Lockheed Electra. Dispatching of Flight 706 was found to have 


been normal and in accordance with company operating procedures. 
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Most witnesses indicated that the flaps were down to some degree at 
takeoff and that the lending gear was retracted after lift-off. Ail agreed 
thet prior to impact with the powerlines there was no fire or smoke seen. 
Nothing was observed to separate or fall from the aircraft, no birds were 
seen in the flightpath, and no abrupt pullup or violent maneuver prior to 
the steep bank was observed. 

To assist in developing a flight profile based on actual operation of 
Electra aircraft, tower personnel, at the request of Board investigators, 
conducted a survey of 44 Electra takeoffs. These takeoffs were sempled at 
random and were all observed when using runway 14R. The survey disclosed that 
the average lift-off was made when these aircraft were approximately 4,000 
feet down the runway, and that when they reached the 8,000-foot marker, their 
altitude and airspeed indications were about 280 feet and 158 knots respec- 
tively. The airspeed was based on 28 pilot reports given to the tower. In 
addition, Lockheed Aircraft Corporation, in response to the Board's request, 
provided a study of the flightpath based both on L-188 performance data and 
information disclosed during the investigation. Their study cansiatoasged a 
ground envelope of reported flightpaths but, based on performance data, the 
inner boundary was considered as the only possible flightpath. Based on the 
Lockheed study, Board investigators prepared the estimated flightpath chart, 
See Attachment #1. 

Parts of the flight recorder were found strewn along the entire wreckage 
path. Due to the forward location of the recorder in the fuselage, high impact 


loads had cracked and sheared the cast stainless steel magazine end fragmented 
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the record foil contained therein, That part of the foil bearing the record 
of the final takeoff was not recovered, with the result that no useful infor- 
mation was obtained from the recorder. 

Following acknowledgement of takeoff instructions, no further radio 
transmissions were made by the crew until the aircraft had gone into 
steep bank of 30 to 45 degrees. At this time the crew transmitted its last 
message. The transmission was seven seconds long, delivered rapidly in a 
high-pitched voice, and was poor in signal quality. The control tower re- 
cording of this communication was studied by the Bell Telephone Laboratories 
and the Dictaphone Corporation. As closely as could be determined it was, 
"we're in trouble (break) uh and all units holding this is Northwest alert. 
I still don't have release right turn in no control (intake of breath) 


" 


(garbled phrase). The first two words of the garbled phrase may have been 
“can you?" or "have you?" The garbled phrase was higher in pitch and more 
rapid than the preceding utterances. 

All four engines and propellers had separated from the aircraft and were 
found along the wreckage path. Fuel and oil samples taken from refueling 
servicing units which had serviced the aircraft, and from the aircraft prior 
to takeoff, showed that the proper specifications for engine and propeller 
operation had been met. The powerplant accessories were examined and bench- 
tested where possible, but no evidence of operational distress was noted. 
There was no evidence of operational distress in the lubrication and scavenge 
systems of any engine, and the compressor and turbine bearings were adequately 


lubricated. All fuel pumps were in good condition. Complete powerplant dis- 
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assembly, as well as propeller slashes along the ground, revealed that the 
engines were all rotating at impact. The readings obtained from torquemeter, 
turbine inlet temperature, and phase detector indicators 2/ were unreliable 
in definitely establishing engine power, as they did not correlate with each 
other or with the propeller blade angles at impact. However, these readings 
did confirm that the engines were operating. The propeller blade angle for 
all propellers was in a range compatible with the flight idle position, and 
was the most reliable indication of the operating characteristics of the 
engines at impact. 

Investigation of that part of the electrical system which remained after 
impact and subsequent fire revealed no indication of loss of electrical power 
during flight. Examination of the rudder, elevator, and wing flap systems 
showed no signs of failure or malfunctions, and that upon impect the Plaps 
were in takeoff position, elevator trim tab set at 10 degrees noseup, and 
rudder tab at zero degrees. Actual position of the aileron trim tab could 
not be determined, but the aileron trim cockpit control was positioned at zero 
degrees. All landing gear iwasin the retracted position. 

Some of the flight instruments were recovered but most were damaged to 
such an extent that no useful information could be determined. One instrument, 
the captain’s artificial hurizon, indicated that it was receiving a signal of 
90 to 100 degrees right bank at the time it ceased to function. 

Although it could not be definitely determined whether the autopilot 
engagement switch was on or off, several arced leads were found in the auto- 
pilot circuitry indicating the presence of electrical energy at impact. 

2] the relatively slow, progressive disintegration which occurred in this 


aecident makes it impossible to assess the in-flight significance of 
instrument readings which might otherwise be reliable. 
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However, the autopilot engagement pistons in all three control surface booster 
units were found in the “off" position. The autopilot was placarded "inoperative" 
by the carrier pending performance of a required modification. 

The rudder and elevator boost units were found in the "engaged" position; 
the aileron boost unit was found in the "disengaged" position. However, be- 
cause of the possibility of cables pulled due to break-up forces, it could not 
be determined to what position the boost unit controls had been actuated by 
the crew prior to impact. The aileron boost unit which had received external 
fire and over-all impact damage was given a complete disassembly and inspection 
at the Lockheed Aircraft Corporation, Burbank, California, under Board super- 
vision. Measurements of the actuating piston, which had seized in the cylinder 
due to fire damage, represented a flight control movement of right wing down. 
After replacement of all fire damaged "0" rings, seals, and the cylinder, the 
unit was reassembled from the remaining original parts and operated in a satis- 
factory manner. The rudder and elevator boost units, which were not so extensively 
damaged, were also functionally tested and found capable of normal operation. 

No evidence was found in any of the boost units to indicate that a malfunction 
had occurred prior to impact. Hydraulic fluid samples taken from the boost 
units did not reveal any significant findings. 

Components of the aileron primary control system, from the aileron boost 
unit to the ailerons, were damaged and broken in numerous places. Nevertheless, 
examination of this part of the aileron primary control system disclosed no 
evidence of any malfunction or failure prior to impact. However, impact marks 
made on the inboard closing rib of the right aileron indicated that the right 
aileron was deflected upward three degrees, corresponding to a flight control 


position of right wing down. 
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From the aileron boost unit’s input quadrant to both control wheels, the 
aileron primary control system consists of two cables which run through a series 
of pulleys to the control wheels, forming a closed loop. 3/ The cable which 
connects to the pilot's control horn is in tension for a right wing down control 
movement and the cable which connects to the copilot's control horn is in tension 
for a left wing down movement . M/ These cebles provide a signal input from the 
control wheels to the boost unit when the boost is engaged, and they also provide 
the physical link between the control wheels and the ailerons for manual op- 
eration when the boost is disengaged 

The pilot's cable run starts with a 153,53-inch run of flexible cable 
routed ethwartship to a pulley at Butt Line 34R, Water Line 128.5, From here, 
the cable consists of two consecutive 205-inch lengths of lockclad cables which 
run aft and down to a point just in front ov a pulley bracket at Fuselage Station 
No. 651. A 39,25-inch flexible cable then joins the lockcled and passes through 
a 0.6-inch diameter guide hole in the front of the pulley bracket at Fuselage 
Station No. 651 and connects by a left-hand threaced stalnless steel connector 
4.2 inches long into the forward brass terminal block of a slack absorber unit. 
Proceeding from the ait brass teruinel block of the slack absorber is & stainless 
steel, right-hand. threaded connector attaching to a 42,0l-inch length of flexible 
cable with a swaged ball fitting at the end which connects on the aileron boost 


input quadrant. 


3/ A schematic diasraa of this part of the aileron primary control system is | 
shown in Attachment 3/2. 


uf These cables will hereinavter be referred to as the pilot's and copilot's 
cables, or as right wing down and left wing down cables, respectively. 
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The copilot's cable is routed athwartship with a 200.34-inch length of 
flexible cable to a pulley at Butt Line 16.7L and then returned to the right 
side to a pulley at Butt Line 35R, Fuselage Station No. 127, and Water Line 132. 
From here aft, the run consists of lockclad cables identical with and peraliel 
to the pilot's cable, and approximately an inch outboard. Just in front of the 
pulley bracket at Fuselage Station No. 651, a 43.75-inch flexible cable connects 
to the lockclad and passes through a 0.6-inch diameter guide hole in the front 
of the pulley bracket approximately one inch to the right and one-half inch below 
the pilot’s flexible cable guide hole. After this, it joins a slack absorber 
unit with identical stainless steel fittings as on the pilot's side except that 
the forward one is right-hand threaded, and the rear, left-hand threaded. A 
28.88-inch flexible cable with a swaged ball on the end connects the cable to 
the aileron boost input quadrant. 

The position of the copilot's control wheel at impact could not be 
determined, but the pilot's control wheel broke in @ forward direction and was 
positioned about $O degrees to the left, calling for almost full left wing down. 

Between the pilot's control column horn and the aileron boost input 
quadrant, all recovered cable connections were found to be normal except for 
the threaded connector of the slack absorber forward terminal block. This 
connector was found unsafetied and was backed out: of the terminal block, 


by 


showing five to seven threads for a 0.40-to 0.45-inch engagement. 


5/ The slack absorber is normally installed as a turnbuckle with both connectors 
engaged equally to a depth of 1.2 to 1.55 inches with no threads showing. 
Cables in the system are rigged to 125 { = 5) pounds tension at 7O degrees F. 
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This slack absorber unit, minus its aluminum side plates, is shown in 
Attachment #3. The forward connector (shown on the right in Attachment #3) 
should be safetied with steel wire exactly like the aft connector (on the left 
in Attachment #3). Distinctive lines on the surface of the slack absorber's 
aft connector showed where safety wire had shielded these surfaces from fire 
and soot. In contrast, no such distinctive lines could be found on the forward 
connector in question. Laboratory examination by the National Bureau of Standards 
and the Federal Bureau of Investigation revesled no evidence of safety wire having 
been recently installed on this connector. 

The copilot's slack absorber unit, the flexible cables on either end of it, 
and the rear section of the two 205-inch runs of leckclad cable were never re- 
covered from the wreckace. Indentations were found about the guide hole of the 
still-intact Fuselage Station No. 651 pulley bracket. This guide hole, through 
which the copilot's 43.75-inch length of flexible cable passes, is 0.6-inch in 

diameter. The slack absorber terminal block is too large to pass through the 
Suide hole in a forward direction, and the lockclad collar is too large to pass 
through the guide hole in an aft direction. These indentations about the guide 
hole indicate that some object passed through it in a forward direction. 

In order to explore the possibility that wing flap interference with the' 
@ileron control surface may have been a cause of the accident, the Board 
requested Lockheed Aircraft Corporation to perform certain sround tests. With 


Board investigators perticipating, tests were conducted to measure the smount 
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of interference between flaps and aileron (with simuleted airloads applied 
to the flap, and the outboardflap jackscrew removed), and to determine the 
amount of pilot force required to overcome such interference with aileron 
boost both engaged and disengaged. With boost engaged it was found that the 
exertion to overcome the interference was similar to normal deflections. With 
boost disengaged, a force of about 550 inch-pounds, applied and measured at the 
control wheel, was required to force the aileron past the flaps. The force 
required was well within the capability of a pilot to exert. 

Lockheed Aircraft Corporation performed another ground test, the results 
of which were made a part of the investigation. Because of a suspected failure 
in the system, this test was made to determine the ultimate load required to 
fail a portion of the aileron boost input cable system. Loads were applied 
to the aileron primary control system and increased progressively to 2,000 
pounds, at which time the flexible cable itself failed in tension at a point 
between the pulley bracket assembly and the slack absorber. Examination re- 
vealed no failures, thread stripping or deformations of associated cable 
assembly brackets, pulleys, connectors, etc. 

It has long been accepted that a flexible cable, as used in the aileron 
primary control system, has a tendency to unscrew from a connector. The 
National Bureau of Standards, in 1941, conducted tests which showed not only 
that a cable would unscrew from a connector, but that it could exert enough 
torsional force to actually break the soft brass, cadmium-plated safety wire 
then in tse by the aircraft industry. After breaking the safety wire, the 


connector would spin free of the turnbuckle. Nevertheless, in order to verify 
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the existence or non-existence of this tendency in the L-188 aileron primary 
control system, the Lockheed Aircraft Corporation conducted certain tests, 
the results of which were also received into evidence, Using cable and slack 
absorber parts identical to those installed in the copilot's side of the systen, 
with vibration applied to simulate flight conditions, and without safety wire 
installed, it was demonstrated that the cable had a natural tendency to, and 
did, unserew from its fitting. 

Still another ground test performed at Lockheed Aircraft Corporation 
and witnessed by Board investigators was one which simulated failure of the 


left wing down sileron cable in an Electra aircraft. With hydravlic pressure 


ae 


applied, boost engaged, and ailerons in neutral, the cable, identical to the 
aileron cable missing from the wreckage of N 137US, was severed with a pair 
of cutters. The person holding the control wheel felt only a slight pulse when 
the cable was cut and was not otherwise aware of what had occurred. When 
the cable severed, an immediate signal was imparted to the boost input calling 
for right wing down. Measurements showed that the trailing edge of the 
eileron had moved six inches above its normally faired position. When the 
control wheel was then moved to the left wing down position, the slack in 
the left wing down cable caused the cable connectors to heng up on aircraft 
structure. 

A review of the manufacturer's records showed that N 137US was manufactured 
June 1, 1960; that the Lockheed Electra Action Program, a major structural mod- 


ification, was completed January 31, 1961, and that its final acceptance flight was 
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performed June 21, 1961. On June 22, 1961, the airplane was delivered without 
discrepancies to Northwest Airlines, Inc., and was placed into service on the 
same date. 

From June 27 to July 11, 1961, eight aileron control discrepancies were 
entered in the aircraft logs of N 137US. Most of these discrepancies reported: 
sluggish feel in aileron boost; delayed reaction in aileron boost; sticking or 
binding of aileron boost; boost pulses in aileron controls at all speeds; 
ailerons erratic at all speeds. Although two pilot writeups indicated the need 
for an in-flight check, examination of the records failed to disclose that an 
in-flight maintenance check was made. In one instance the pilot entered the 
remark ". . . OK on ground"; the corrective action entered in the log was, 
"checked aileron linkages & surfaces for clearance with flaps extended & found 


O.K. for further observation." In the other instance the pilot writeup was 


m . unable to feel on the ground - only inflight condition"; the corrective 
action shown in the log was, "checked ail. sys. & boost package OK for further 


' Most of the corrective actions recorded indicated the performance 


observation. 
of ground checks; one entry showed replacement of the boost valve and hydraulic 
filters; but one log carried only the barren entry, "noted." During this period 
of time the aircraft continued to be dispatched on a total of 29 flights. 

On July 11, 1961, the aircraft was placed in the Northwest Airlines main- 
tenance facility at Minneapolis, Minnesota, to undergo a layover check. Since 
the aileron control difficulty was still manifesting itself, it was decided to 
also replace the aileron boost assembly. Concerning the latter task, the then 
current company maintenance policies required that the Lockheed Electra main- 


tenance manual, which prescribed the stepsfor the removal and replacement of 


the aileron boost assembly, be followed by those performing the work. 
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A Northwest Airlines maintenance manual required that red Unit Inoper- 
ative Tags, Forms OM~249, be attached to pertinent cockpit controls. The 
purpose of this requirement was to prevent operation of controls when such 
aetson is undesirable or dangerous during the performance of various maintenance 
operations, and to prevent release of an sircraft for dispatch when uncompleted 
work remains in en inconspicuous place. This directive also prescribed that 
upon completion of the task, provided it has peen satisfactorily performed, an 
inspector will sign the tag and remove it from the aircraft. A quotation from 
this directive emphatically stated “under NO circumstances shall the tags be 
removed from the aircraft before they are properly signed by en Inspector _" 

The directive further required that a record of the use of the red Unit Inoper- 
ative Tag be transcribed to a more permanent type of work control card to which 
the red tag must be stapled. 

A separate section of the carrier's maintenance manual, specifically high- 
lighting the possibility of incompleted work overlapping a shift change, required 
the use of the Unit Inoperative Tag when removing safety wire from turnbuckles 
in all control cable systems. 

An interoffice memorandum dated June 21, 1957, signed by the Chief Mechanic 
and the Senior Supervising Inspector, constituted an important company policy 
in effect during July 1961. Paragraph 14 of this memorandum required that when 
a flight control is changed or removed and reinstalled on a "service" check, an 
inspector follow up on the installation and sign for it in the log book. Because 
an aileron boost assembly is a major component of e flight control, it is evident 
that this paragraph governed followup responsibility for the aileron boost unit 


change in question. However, paragraph 1D of the memorandum stated that, at tl 
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request of the Foreman or Crew Chief, the Inspector will inspect any unit 
replacements and sign for the inspection in the log book, and that the Foreman 
will be responsible for advising the Lead Inspector of any major units, not 
called out in paragraph 1A, which should be followed up by Inspection. Most 
of the Northwest Airlines line maintenance and inspection officials who 
testified, indicated that the requirements of paragraph 1D constituted the ~~” 
governing policy which should have been followed during the aileron boost unit 
chenge on N 137US. Testimony at the public hearing further disclosed that in 
actual practice mechanics were also permitted to call for an inspection. 

This particular aileron boost unit change on N 137US was the first such 
job to be performed on an Electra aircraft by the carrier's line maintenance 
personnel principally involved. The foreman who supervised the unit removal 
testified that he believed this was the first boost package change in which 
line maintenance was involved. During July 1961, three shifts were operated 
throughout each 24-hour period: Shift 1, from 6:30 a.m. until 2:30 p.m.; 
Shift 2, 2:30 p.m. until 10:30 p.m.; and Shift 3, from 10:30 p.m. until 6:30 a.m. 

Removal of the malfunctioning aileron boost unit was accomplished by two 
mechanics of Shift 2 on the night of July 11. One mechanic was occupied with 
other aircraft during most of the shift and worked on the unit removal only 
during his spare time; the other mechanic performed most of the removal work. 
Both testified that they followed the manual prescribing the steps to be followed 
in removing the unit. However, upon further questioning, the mechanic who did 
most of the work admitted that he did not follow the manual exactly step by 
step. In accomplishing his task he removed the safety wires from the con- 
nectors at the forward ends of the pilot's and copilot's slack absorber units 
and unscrewed them. to relieve cable tension, thereby facilitating the removal 


of the boost unit. This was done in accordance with the instructions contained 
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in the Lockheed Electra maintenance manual. One mechanic stated that he definitely 
recalled having seen red Unit Inoperative Tags fastened around the control column 
and on the hydraulic pump switch, but neither mechanic remembered who had in- 
stalled these tags. No inspectors were called to inspect the disassembly work 
as no inspection was necessary at this stage of the work. By the ead of Shift 2 
the aileron boost unit had been completely removed from the aircraft and placed 
on the floor of the hangar. That any information concerning the removal of 
safety wires and loosening of cable tension was passed on to the succeeding 
shift could not be conclusively determined from these two mechanics. 

Installation of the new aileron boost unit was performed by two mechanics 
on Shift 3 during the night of July il-12. Testimony efsteblished that neither 
mechanic had followed the manual atep by step, referring to it only when a 
problem was encountered; and that neither had read the removal instructions to 
determine what components had been unsafetied, disconnected, or rendered in- 
operative in the removel of the boost unit. Step (10) of the Lockheed mainte- 
nance manual removal instructions states “Loosen turnbuckles at cable slack 
ebsorbers near aileron booster assembly in aileron input control cable runs to 
provide enough slack in cables to permit removing input quadrant. Access to 
turnbuckles is at Station 654-673 through floor opening." When asked if they 
nad read this part of the manual, they both answered in the negative. Loth 
were also agked if they had read and complied with step (19) of the Lockheed 
reinstallation instrvctions which states, "Rig aileron input control cable 
system, aileron boost shift cable sy:tem, and aileron emergency cylinder dis- 
connect cable. Refer to 27-2-0 and 27-5-12 (AA only) for rigging procedures." 


They both testified that they had aot. As a result, neither of the two mechan 1} 
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tightened the cable tension which had been slackened during removal, nor did 
they replace any safety wires which had been removed curing the previous shift. 

Although both mechanics testified that they checked each other's work 
after completion of the installation, neither one could recall having made a 
specific check to insure that the previously loosened cable connectors were 
properly threaded into the slack absorber terminal blocks, the cable tension 
checked, or the connectors resafetied. 

The mechanics Gid not call for an inspector to check the installation at 
any stage of their work, and they could not remember having seen an inspector 
performing an inspection of the unit installation during their shift. After 
completing the installation and performing an operational check of the unit, 
both mechanics signed off the aileron boost assembly change as completed in 
the aircraft log. Neither mechanic could recall having removed any red Unit 
Inoperative Tags from the aircraft. Their crew chief, who also had not read 
the manual for this job, then made a cursory inspection of the work, performed 
an additional operational check of the controls and signed off the job as com- 
pleted in the aircraft log. Although the crew chief believed thet he had done 
so, he could not positively recall having requested an inspector to inspect 
the installation, and he could not remember having seen or removed any Unit 
Inoperative Tass. Testimony of the two mechanics and their chief indicated 
that the unit change was completed near the end of their shift and that they 
did not pass any information concerning the unit change to the next shift 

(Shift 1). 
The Shift 2 Foreman testified that he went to the aircraft Gwice to check 


on the progress of the aileron boost removal, but that he did not actuelly 
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check the work itself. He could not recall having directed the use of the 
manual in the removal task. He could not say whether or sot red inoperative 
tags were used on the job as required. During the shift he called the lead 
inspector to check the taper pin on the input belicrank of the new boost unit, 
which had been drawn from stock, and then sent the unit to the hydraulic shop 
for a change of taper pin. At shift change the Shift 2 Foreman verbally 
informed the Shift 3 Foreman about the completion of the unit removal and the 
taper pin change. The Shift 2 Crew Chief, who aseigned the mechanics to the 
removal task, testified that he was told thet red tags were used, but that he 
did not so direct or personally ascertain their use; that from his observation 
of the mechanics' work the manual was closely followed; that he did not ob- 
serve the entire removal operation; and that much of his time was occupied witr 
work on other aircraft. 

The Shift 3 Foreman testified that he supervised the unit installation 
through the crev chief, visiting the aircraft three or four times to discuss 
such problens as were encountered but that at no time did he enter the cockpit, 
cabin or center section to cheek on the work itself. He did not recall seeing 
any red tags. Because the crew chief is authorized to do so, the fcreman 
stated that he did not call for an inspector and did not order the crew chief 
to do so. He stated that at the end of the shift the aircraft was ready, and 
that the following shift was informed as to its availability for teat flight. 

The aileron boost change for N 137US was entered in the Inspection 
Activity Reports for both Shifts 2 end 3, but none of the inspectors of these 
shifts made any effort to determine if and when an inspection would be cue. 


The Shift i Inspecticn Activity Report no longer carried the boost change 
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entry, even though there were no entries on the previous Inspection Activity 
Reports indicating that the work had been inspected. No evidence was found 
to indicate that the status of the work was passed on to any Shift 1 Inspector, 
Although the Shift 1 Lead Inspector noted the entries concerning the aileron 
boost change on the previous shifts! Inspection Activity Reports, he could 
give no satisfactory explanation as to why he did not carry the entry over 
into his own shift activity report, ner could he positively recall having 
discussed the matter with anyone, All inspection personnel involved indicated 
that they had placed entire reliance upon the company policy which required 
line maintenance personnel to notify the Inspection Department of the need 
to inspect the aileron boost installation, The evidence shows that inspectors 
were never called, that inspectors did not on their own initiative investigate 
the status of the job, and that they did not make such an inspection. 

On the morning of July 12 when Shift 1 reported for work, N 1370S was 
rolled out of the hangar and prepared for a test flight. The aircraft log 
at this time reflected the following entries: the aileron booster assembly 
change signed off by the two Shift 3 mechanics and their crew chief, a lay= 
over check completed, a preflight completed, and past log entries examined, 
4n inspector's signature did not appear on any part of the leg, After review- 
ing the log, the Shift 1 Crew Chief then signed the "Released for Flight" biovk. 
He testified that when reviewing the log entries he assumed that the aileron 
boost change had been properly signed off and inspected. He also stated that 
the red tags had been removed from the cockpit and the pink cards, which serve 
as a permanent record of the use of the red tags, were on a desk near the front 


of the airplane, Although a search of aircraft records was made, no evidence 
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of the use of these tags was ever found. The Shift 1 Crew Chief could not 
satisfactorily explain why he had released the aircraft for flight without 
the appearance of an inspector's signature opposite the aileron boost change 
entry on the log sheet. 

The aircraft was flown on a test flight on July 12, 1961. After the test 
flight, a minor discrepancy concerning the aileron boost disconnect indicating 
light was entered in the aircraft log, but was signed off as satisfactory. 

No subsequent aileron system discrepancies appeared in the aircraft logs of 
N 137Us. 

Testimony received at the public hearing indicated that formal training 
of personnel in the maintenance of Lockheed Electra aircraft had been sporadic 
and that no training had been given in flight control systems. Formal training 
of the two mechanics who removed the aileron boost assembly consisted of three 
days of air conditioning for one, and five days of powerplants and propellers 
for the other. One of the two mechanics who installed the new boost unit had 
not received any formal training. Although an active on-the-job training program 
existed, with designated instructor personnel available for consultation con- 
cerning unfamiliar tasks, this program was not utilized during the aileron boost 
unit change despite the fact that this was the first time any of the Northwest 
personnel involved had ever performed such an operation. 

Analysis and Conclusions 

It was determined that the flight was properly dispatched, the flight crew 

was qualified, takeoff gross weight and center of gravity were within prescribed 


limits, and weather was not a factor. 
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The change in engine sounds heard by several witnesses during a portion 
of the flight is attributed to an intentional and routine power reduction 
following lift-off. Examination of the powerplants disclosed that all four 
engines were capable of normal operation at impact. The most reliable 
evidence which indicated the operating characteristics of the engines at 
impact was that the blade angles for all propellers were in a range com- 
patible with flight idle. It appears reasonable to assume that the pilot, 
upon realizing that a crash was imminent, abruptly reduced power shortly 
before impact. 

The possibility of flaps interfering with the ailerons was investigated 
as a possible causative factor. However, tests proved that physical inter- 
ference between the flaps and the ailerons could have been overcome by pilot 
control forces. Investigative findings also indicated that the rudder, 
elevator, and aileron trim tabs were positioned at their proper settings at 
impact. It is therefore believed that none of these factors contributed to 
the cause of the accident. 

The investigation disclosed that there was electrical power on the 
Priority "A" bus at impact. It was further found that the electrical load 
had been transferred from the No. 3 to the No. 4 alternator, the standby 
alternator which was carrying the load for this bus. The reason for such a 
transfer could not be determined. However, numerous indications were found 
that electrical power was available in both "A" and "B" busses up to the time 
of impact. Therefore, it is reasonable to conclude that a loss of electrical 


power was not a causative factor in this accident. 
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Electricel energy was present in certain electrical circuits within the 
autopilot at impact, showing thet this equipment was energized at the time. 
Although the autopilot switch was placarded as “inoperative,” it was not guarded 
and could have been inadvertently turned on. If turned on, the reaction of the 
aircraft would have been governed by the setting of the autopilot indices at 
the time of turn on. However, since the autopilot can be easily overpowered 
or readily turned off by the pilot, it is unrealistic to believe that accidental 
or intentional actuation of the autopilot switch contributed to the accident. 

It is also possible that the autopilot circuitry beceme energized during the 
initial stages of the aircraft's breakup. 

Examination of the rudder, elevator, and aileron boost units disclosed 
that each of these units was capable of normal operation at impact. The rudder 
and elevator boost units were recovered with the disengage mechanism in the 
boost~engaged position, but the aileron boost unit was found in the boost- 
disengage position. Although this condition could have resulted from aircraft 
breakup forces, it does not appear probable; and the Board concludes that the 
aileron boost was disengaged by the crew at some time prior to impact. 

Hydraulic power was used to retract the landing gear, and electrical energy 
to sustain hydraulic power was available up to impact. The fact that the rudder 
and elevator boost units were engaged and the aileron boost unit was disengaged, 
indicates that hydraulic pressure was available to operate all flight control 


boost units, and that the crew was not experiencing difficulty with either the 
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rudder or elevator controls. However, these facts do indicate that the crew 
was having some type of aileron control difficulty and had disengaged the 
aileron boost unit in an attempt to solve the problem. 

Shortly after takeoff the aircraft developed a rolling moment to the right 
which could not be controlled by the crew. Although the part of the crew's 
last transmission which stated, "I still don't have release right turn in no 
control" was uttered without a break, the Board believes that the first part, 
"T still don't have release" indicates an unsuccessful attempt by the crew to 
control the rolling moment manually by disconnecting the eileron boost, and 
that the second portion, "right turn in no control" indicates a lack of control 
response. 

The evidence indicates that the loss of aileron control experienced by 
the crew was the result of a disconnect in the aileron primary control system 
between the pilot's control wheel and the aileron boost input quedrant. Speci- 
fically, this disconnect occurred in the left wing down cable when the cable 
connector beceme completely unscrewed from the forward terminal block of the 
slack absorber. A discussion of this control system failure is given in suc- 
ceeding paragraphs. 

Measurements of the main actuating cylinder of the aileron boost unit 
represented a right wing down control movement. Marks made on the inboard 
closing rib of the right aileron indicated an aileron displacement correspond- 
ing to right wing down; however, the pilot's control wheel was positioned for 
a full left wing down aileron movement. These findings indicate that the pilot 
was attempting to recover from a right wing down condition, but that the ailerons 


were not responding. 
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A previous description of the aileron primary control system showed that 
between the pilot's and copilot's control wheels and the aileron boost input 
quadrant, two cables run through a series of pulleys to the boost input quadrant , 
forming a closed loop; that the pilot's cable is in tension for a right wing 
down movement and the copilot's cable is in tension for a left wing down move- 
ment; and that these cables respond to movement of the control wheels either 
in the boost-engaged or the boost@disengaged condition. Furthermore, it has 
been established that if a disconnect or failure in either cable occurs, a 
loss in aileron control will result. It has also been shown that if a sudden 
disconnect or failure occurs in the copilot's cable, the rigging tension in the 
pilot's cable will displace the boost input quadrant, thereby imparting a signal. 
to the aileron boost unit for a right wing down movement. 

As previously indicated, examination of the aileron primary control system 
revealed that the right wing down cable connector which screws into the forward 
terminal block of the pilot's slack absorber unit wes not secured with safety 
wire and was unscrewed to an engagement of only 0.40 to 0.45 inches (normal 
engagement, 1.2 to 1.45 inches). This condition can be attributed to either 
the natural tendency of an unsafetied cable to umwind or that this was the 
position to which the connector was unscrewed during the aileron boost unit 
change. The pilot's cable was still threaded through its pulley bracket guide 
hole, but the copilot's corresponding left wing down cable, connector, and 
slack absorber were missing and could not be found. In addition, the copilot's 
pulley bracket guide hole showed marks of a pronounced indentation, indicating 
that some object had passed through it in a forward direction. These marks 


closely matched the shoulder of a swaged ceble connector. 


CAB Report Page 184 


a OT a 

The pilot's and the copilot's cables run parallel to each other and pass 
through their respective guide holes in the pulley bracket. Each guide hole 
is 0.6 inch in diameter. The slack absorber terminal block is too large to 
be pulled forward through such a hole and the parted end of a flexible cable 
is not capable of making an indentation in the guide hole such as was found. 
The only object capable of making these marks, and which would also permit 
the missing copilot's cable to pass through the pulley bracket, was the con-# 
nector on the aft end of the flexible cable which joins the forward terminal 
block of the slack absorber. Load tests have proved that failure in a cable 
and swaged connector system first occurs in the flexible cable itself, without 
any damage whatsoever to cable connectors and other components of the system. 
Other tests have proved also the natural tendency of a flexible cable to un- 
screw from its fitting when not secured to it by safety wire. This evidence 
indicates that the copilot's flexible cable connector completely disengaged 
from the slack absorber between the time the aircraft started its right turn 
and the time it crashed. 

As previously mentioned, when the copilot's cable is suddenly separated 
the resulting tension on the right wing down cable imparts an immediate signal 
to the aileron boost unit for a right wing down control movement. These tests 
alse disclosed that if the forces on the boost quadrant were released, the pro- 
pensity of the system would be to return the ailerons to neutral in approximately 
seven seconds, provided no part of the system hangs up or binds. However, the 
tests involving cable separation further showed a tendency of the cable connectors 


between the forward flexible cables and the lockclad cables to bind with airframe 
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structure. Because of the mechanical advantage of the system, only a small 
hang-up force would hold against in-flight airloads and would prevent the 
aileron boost unit from returning to the neutral position. 

In this accident, it is believed that the left wing down cable did separate. 
With the left wing down cable separated it was not possible for the pilot to 
apply opposite aileron to bring the right wing up. Then, if the cable con- 
nectors did hang up, the ailerons would not have returned to neutral, worsening 
an already unmanageable situation. Since witnesses observed the bank to the 
right to increase steadily, and since the right aileron was found in a position 
of right wing down, there is further reason to conclude that the cable stuck 
in the right wing down position somewhere within the aileron control system. 
Other recovery techniques such as use of rudder, asymmetrical power, and aileron 
tabs might have been effective in overcoming the steepening bank, had sufficient 
altitude been available. 

The investigation disclosed that the aileron bocet unit on N 137US was 
changed during two workshifts on July 11 and 12, 1961, approximately 65 days 
before the accident. A discussion of how this unit was changed and what effect 
the unit change had on the accident follows: Since this aileron boost unit 
change was the first such task to be performed by the line maintenance personnel 
involved, it was importent that the maintenance manual prescribing the steps 
to be followed in changing the unit be followed step by step. Despite its in- 
portance, however, the testimony revealed that this was not done. To facilitate 
removal, cable tension was lessened by removing safety wire and unscrewing the 


cable connectors at the forward end of the slack absorbers, as prescribed by 
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the manual. However, when a shift change occurred between the removal and 
the reinstallation, the mechanics who accomplished the reinstallation performed 
the task without knowledge of the work accomplished on the unit during the 
previous shift, and they completely overlooked the extremely important cable 
rigging instructions prescribed by the manual. As a result, the connectors, 
unsafetied and unscrewed during the removal, were never tightened and resafetied 
after reinstallation. The use or non-use of red Unit Inoperative Tags by the 
maintenance personnel involved could not be clearly established by the testimony; 
but, if used, it is certainly clear that they were not used properly. The fact 
that no mechanic called for an inspection of the completed installation was 
made manifest by the testimony. 

Evidence indicates that the amount of supervision devoted to this aileron 
booster assembly change fell considerably short of meeting the safety minimums 
desired and expected in a task of this nature. Testimony also established that, 
although the offices of the foreman and the lead inspector were physically 
located adjacent to each other, there was a decided lack of coordination between 
maintenance supervisors and the Inspection Department. Moreover, no inspection 
was called for by the crew chief'who, without studying the manual instructions, 
performed a cursory inspection of the completed installation and signed the 
job off as completed. Although several basic managerial controls existed at 
the time which would have assured the proper completion of this task, the 
testimony indicates that little attention was given to assure job continuity 
between shifts and to the use of Unit Inoperative Tags; and that company policy 


requiring an inspection of the completed installation was not complied with. 
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Although personnel of the Inspection Department were aware of the fact that 
the aileron boost unit was being changed, they failed to attach sufficient importance 
to the Inspection Activity Report entries to assure a timely inspection of the 
completed installation. Notwithstanding the fact that the boost change was 
carried on the Inspection Activity Reports throughout two successive workshifts, 
none of the inspectors on these shifts made any determination as to when the job 
would be completed. The Lead Inspector on Shift 1, the last shift involved, noted 
these entries on the two previous shifts' activity reports and saw no entry indicating 
that an inspection had been made, yet took no action to determine whether or not 
the instaliation had been inspected. The testimony indicates that all inspection 
personnel concerned believed that responsibility for a followap inspection notice 
rested upon line maintenance and not upon the Inspection Department. At the public 
hearing there appeared to be differences of opinion on the part of the carrier's 
maintenance and inspection personnel in their interpretation of the previously 
mentioned interoffice memorandum of June 21, 1957. These differences ecncerned. 
whether it was the responsibility of line maintenance supervisors to give notice, 
or the Inspection Department to follow up, to insure that the aileron boost 
change was properly inspected upon completion. 

The Board believes that this memorandum clearly placed the primary responsi- 
bility for followup inspection on the Inspection Department; and that the 
memorandum and the carrier's maintenance manual, taken together, also made it 


imperative that maintenance personnel secure an inspection of the completed 
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« 3l°< 
installation. The Board therefore concludes from the testimony that maintenance 
and inspection personnel showed an ignorance or disregard of published directives 
and instructions. 

A finel management control which might have assured proper completion of 
the aileron boost change was not complied with when the Shift 1 Crew Chief 
released the aircraft for flight on July 12, 1961, without the appearance of 
an inspector's signature on the aircraft log. This Crew Chief had reviewed the 
log entries and had noted that the aileron boost work was signed off by the 
Shift 2 mechanics; yet he could not give a satisfactory answer as to why he 
had released the aircraft for flight without an inspector's signature on the log. 

The preponderance of evidence shows that the following chain of events 
led to, and had a direct bearing on, the destruction of N 137US on September 17, 
1961: At, or shortly after, the aircraft began its turn to the right following 
takeoff from O'Hare Airport, a failure occurred in the aileron primary control 
system between the boost input quadrant and the control wheel. This failure 
was caused by a separation of the left wing. down cable from the slack absorber | 
on the copilot's side. Failure at this point made it impossible for the crew . 
to decrease the steepening bank or effect a recovery by any means at such a low 
altitude. In connection with the failure experienced, it was established that 
two months prior to the accident, during an aileron boost unit change, the cable 
connectors to the slack absorber terminals were unsafetied and unscrewed, and 
that these connectors were never tightened and resafetied before the aircraft 


was released for flight. During the period July 12, 1961, until the accident, 
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52 
it is believed that there occurred a gradual unscrewing of the connector in 
question until it finally separated from the slack absorber following takeoff 
on the flight involved. 

Mention has already been made of the fact that eight aileron flight con- 

‘. discrepancies were reported by pilots on the logs of N 137US from June 27 
to July 11, 1961, the date the aileron booster unit was removed, and that during 
this time the aircraft was flown on a total of 29 scheduled flights. The air- 
craft logs recording the corrective actions taken indicate that little effort 
was made to analyze the cause of these discrepancies and to correct them. This 
type of operation sgactants @ casual attitude on the part of maintenance personnel 
toward a potentially hazardous condition, which was also evident in the replace- 
ment of the aileron boost assembly. 

The training of Northwest Airlines line maintenance personnel on the 
Lockheed Electra ee to have been sporadic and inadequate in scope, partic- 
ularly with reference to flight control systems. Although the changing of this 
aileron boost unit provided an excellent opportunity for advantageous use of 
the existing on-the-job training program, this potential went unrealized. 
Probable Cause 

The Board determines that the probable cause of this accident was a 


mechanical failure in the aileron primary control system due to an improper 
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replacement of the aileron boost assembly, resulting in a loss of lateral 
control of the aircraft at an altitude too low to effect recovery, 


BY THE CIVIL AERONAUTICS BOARD: 
/s/ ALAN S. BOYD 
Chairman 


/s/ ROBERT T. MURPHY Pas 
Vice Chairman 


/s/ CHAN GURNEY 
Member 


/s/ G. JOSEPH MINETTI 
Member 


/3/ WHITNEY GILLILLAND 
Member 


Attachments = 


1, Estimated Flightpath Chart 
2, Sketch of Aileron Primary Control System 
3, Photograph of Pilot's Slack Absorber Unit 
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Investigation and Hearing 
The Civil Aeronautics Board was notified of this accident at 0925 on 


September 17, 1961. Investigators were immediately dispatched to the scene 
and an investigation was initiated and conducted in accordance with the pro- 
visions of Title VII of the Federal Aviation Act of 1958. A public hearing 
was ordered by the Board and held at the Midway Hotel, Chicago, Illinois, on 
October 11-12, 1961, and continued at the same location on January 9-11, 1962. 
In order to obtain the testimony of three witnesses who were unable to attend 
the public hearings, depositions were taken at Minneapolis, Minnesota, on 
March 6, 1962. 
Air Carrier 

’ Northwest Airlines, Inc., with headquarters in Minneapolis, Minnesota, 
holds a certificate of public convenience and necessity issued by the Civil 
Aeronautics Board to engage in the transportation of persons, property and 
mail. It also possesses a valid air carrier operating certificate issued by 
the Federal Aviation Agency. 
Flight Personnel 

Captain Ralph E. Hagstrom, age 50, was employed by Northwest Airlines, Inc., 
April 11, 1942. He held a valid air transport certificate, No. 158066, multi- 
engine land, with many type ratings, among which was the Electra aircraft. His 
last first-class FAA physical examination was taken August 8, 1961, with no 
waivers. He had a total of 15,898 flying hours, of which 314 were in Electra 


aircraft. 
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First Officer Richard L. Anderson, age 33, was employed by the company 
April 20, 1951. He held a valid air transport certificate, No. 1066954, multi- 
engine land, with a rating in the De-4, and was qualified as first officer in 
Electra aircraft. His last FAA first-class physical examination was taken 
March 30, 1961, with no waivers. He had a total flying time of 6,643 hours, 
of which 90 were in Electra aircraft. 

Flight Engineer Wayne H. Fuller, age 34, was employed by the company 
March 19, 1948. He held flight engineer certificate No. 1304929. His last 
FAA second-class physical examination was July 14, 1961. He had a total fly- 
ing time of 3,368 hours, of which 556 were in Electra aircraft. 

Stewardess Rosemary Patricia Bilski, age 28, was employed by the company 
on June 29, 1957. She completed her Electra qualifications on August 19, 1959. 

Stewardess Jeanette Ruth McKenzie, age 22, was employed by the company 
on April 8, 1960, upon completion of her Electra training. 

The Aircraft 

A Lockheed Electra, model L-188C, was manufactured June 14, 1960, serial 
No. 1142. The Lockheed Electra Action Program (LEAP) was completed January 31, 
1961. After its second and final acceptance flight, June 21, 1961, the air- 
plane was delivered to Northwest Airlines on June 22, 1961. The aircraft had 
a total flying time of 614 hours. It was equipped with four Allison model 


501-Dl13 engines, and four Aero Products propellers, model A 6441FN-606. 


-ii- 
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ESTIMATED FLIGHT PATH 


NWA ELECTRA FLIGHT 706~- SEPT !7, 196! @ 0857 COT M Poth #2 
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Impact power lines NY 4 final impact 
necrest RR & Ld poth- 271° 
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Irving Park Road 


Descent path bosed 
on 5° impact angle 


SCALE 1"-G00° 


. . , Impact Path *I Impact Path *2 
FLIGHT PROFILE J = 600 15,500 Ft. 17,200 Ft. 
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ATLERON PRIMARY CONTROL SYSTEM 
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ALPA Report 


AIR LINE 


19033 - 46th Avenue South 


Seattle 88, Washington 
June 7, 1962 


55th Street and Cicero Avenue 
Chicago 38, Illinois 


Dear Ted: 
This te the final draft of the O'Hare accident report. 
Please advise if any further information is required. 


WaB:j 


"SCHEDULE WITH SAFETY’ 
AEE 66 
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PILOTS ASSOCIATION 
S5TH STREET & CICERO AVENUE 
CHICAGO 3286, ILLINOIS 
PORTSMOUTH 7-1400 


AFFILIATED WITH A.F.L.-C.1.0. 


QUE A ts Gia teak Bh Os adc Wd ah ads ‘an seid redeem lines te 


ALPA Report Page 198 


Lockheed Electra (N 137 US) operated by Northwest Airlines, was totally destroyed 
by ground impact and subsequent fire shortly after takeoff from O'lare Field at 
approximately 0857 CDT om Setpember 17, 1961. 


There were 32 passengers on board. All passengers and crew members received feta) 
iajuries. 


Flight 706 of Septeaber 17, 1961 departed Milwaukee, Wisconsin at 0747 CDT and 
arrived at the O'Hare terminal » Illinois at 0807 CDT. It departed the 
O*Hare ramp at approximately 0850 CDT after « crew change. At 0855 CDT Northwest 
this time the aircraft was in the 
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The operations group found no evidence of; 

1. Separation of aircraft components prior to impact, 

2. Fire prior to impact, 

3. Birds in the aircraft's path, 

4. Abrupt maneuver's by the aircraft, or 

5. That during the final transmission the crew was alarned. 
The state police and power company recorded the accident at 0857 cr. 


A check of flight crew training and qualifications indicated that the flight crev 
wae properly qualified end hed received proper initial and recurrent training. 


The tower tape of Flight 706"s last transmission was analysed by the Bell Labora- 
and examinat 


tocies us spectographic fou techniques. The message was 
of poor qualicy ina high pleshed voice Salsas ioe tectalques. |The 


“We're in trouble (break) uh end all units holding this is Northwest 
(alert) I still don't have release right turn in no control (intake 
of breath) (garbled phrase)" 


The firet two words of garbled phrase appear to be “Can you" or “have you" 
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Approximately 56 eye- 


without the normal delay expected as a mike button is released. 


The spectographic analysis revealed that 
Testimony was solicited from approximately 140 persons. 
witness statements were obtained by the witness group. 
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Nothing was observed to fall from the aircraft during flight up te impact point. 
the bank began to steepen in the last half of the flight. 
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The general description of the speed wae that it appeared slower than normal after 
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The compressor 
~ 1860 H.P., 
tape were: “i - 604° c, 


operational distress. 
and turbine bearings were adequately lubricated and were in good condition. 
The horsepower values obtained from the torquemeter indicators vere: #1 
#2 - 2110 H.P., #3 - 18640 H.P., #4 - not recovered. 
values obtained from the 
C, % - net recovered, 


The turbine inlet 
#2 - 574° Cc, #3 - 
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was 
All of the boost assemblies were extensively x-rayed before tear down. The x-ray 
pictures did uot reveal potential discrepancies except on the aileron boost cylinder. 


ley while there wes still liquid 
confined in the chamber. The iuner wall of the failed eylinder had a better finish 
for 


The rudder and elevator booster units 


degrees of damage however, there was no evidence of electrical arcing or 
burning at any of the terminals or windings. 
Seven transfer relays were recovered, inspected and functionally tested where 
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» Voltage Regulators, and Generator 
significant information of any malfunctioning. 


Control Units 


jected to inspection without 
Lavatory Exhaust Fan, 


The Load Center AC fan, 
Cooling Fan all had circumferential marks indi- 


The other electrical units recovered were sub 
revealing significant information. 

Cabin Recireulation Fan and Radio 

cating rotation. 
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Did not know if 
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inspect 


Duties and Authority 


Page 12. 

Stated that inspection 
job. 
Manual. 


Stated mechanics training is 


imepect or were they called te 


1-12, 1961. 
inspectors is on 
section of Maintenance 
package change) 
Stated that the inspector has ultimate responsibility over crew chief. 


Stated thet inspection is required only on a control surface change then modified by 


saying that modern aircraft entail more. 
Stated red tag, OM 249, should not have been removed by anyone but an inspector. 


When confronted with maintenance manual reference 


of inspection defined in a seperate 
is required (in reference to a boost 
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The weather was not a contributing factor in this accident. 
The Human Factors Committee did not reveal any sigalficant information in this 
accident 


The powerplants investigation revealed that all four engines were capable of 
delivering power and were doing so at time of impact. No propeller irregularities 
were detected. The #3 fuel control valve was electrically closed and the #3 ofl vas 
3/4 closed. The #3 fuel pump diaphragm was split and burned. All of these took 
place as # result of contact with the high tension power lines before actual ground 
impact. Other indications from this engine and propeller indicate a similar output 
to the other engines. 


The engine power output revealed by this investigation indicate partial power setting, 
and as far as could be determined, it was symmetrical. 


ficamt that this teol designed to valuable information in an accident 
order to prevent further accidents is so built and installed so as to be destroyed 
im a crash. 


The structural iavestigation revealed that the main structures, coatrol surfaces 
diseintegrated as would be expected in such a ground contact, No positive facts 


The structures investigation found the landing gears were all in retracted position. 
Evidence indicates that the flaps were near the takeoff position. 

There were no discrepancies found in the rudder and elevator control systems. 
ee ee control system revealed that the following significant iufor- 


The capteia's control wheel impact marke revealed it to be in 4 90° left wheel position. 


end of its slack absorber. Laboratory examination established that no 
Was present at the time of the crash. 
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absorber, from the sileron boost 

205 inches of Locklad cable were not 
ilot‘s primary aileron control cables 
either the broken cable, the broken connector or the unbroken 
in a forward direction. 


We 
Ld: 
i 
i 
Hp 


it 
the right aileron indicated it was in the 3° up position at the time 


: 


PB 
li 


the information gained from the structural investigation, the only 
ts influencing this accident are: 


1. The impact marks iadicating 3° right aileron up. 


2. The Marke on the aileron pulley bracket indicating something had passed 
through it. 


3. The unsafetied pilot’s aileron control cable connector. 


4. The pilot's wheel in the 90° left position indicates he was calling for 
right wing up. 


5. The aileron trim tab position could not be determined. 


problems from June 27, 1961 to July 11, 1961. At this time an aileron boost package 
change was made at NWA maintenance base in Minneapolis, Minn. The log was “signed 
off" by mechanics efter this change. No evidence has bean found of an inspection 


Less of lateral control, soon after takeoff, resulting from an vadesired right wing 
down aileron deflection. Strong circumstantial evidence indicates that the pilot's 
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l. Wreckage - Do not move or disturb wreckage, where practical, until 
completely photographed, plotted and described. 


Retain all wreckage for an extended period of time (one year suggested) in 
order not to lose valuable evidence. aircraft exempted, but pertinent 
evidence could be retained. Several accidents investigations in the past few years 
have been hampered by the loss of evidence. 


2. Interested parties must not carry on separate investigations or move 


3. The flight recorder proved to be excessively vulnerable to damage in this 
accident. 


4. A cockpit sound recorder would have aided this investigation. 


5. Committee reports should be complete and agreed upon well before hearings 
are conducted. If agreement cannot be reached, a minority report should be entered 
into the record and given official consideration in the final report. 


6. This imveetigation revealed that the L188 flap assymetry protection does 
not prevent a cocked flap condition. There is no means of checking the flap 
assymetry protection system. 


7. Conduct of investigations - The entire investigation must be conducted in « 
ve manner. Prejudging and supposition must not be permitted. One part of 
the investigation must not be neglected for a quick solution, 
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(CX8) CHICAGO, “ept. 17--AIR VIEW OF PLANE CRASH SCENE--Air view shows 
path taken by a Northwest Airlines Electra plane after hitting ground 
following takeeff from Chicago's O'Hare International ai rt. Plane hit 
elevated railread track in background and continued into field in fere- 
ground. Emergency vehicles surround area where main portion of plane 


came to rest. All 35 aboard were killed. 
(AP Wire phote ) (rj/mw1245stf-cek)1961 
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(CX11) CHICAGO, Sept. 17--AIR VIEW OF PLANE CRASH SCENE--Wreckage of 
of fuselage of Northwest Electra that crashed and 


tail and back part 

burned after take-off from Chicago's O'Hare International Airport is 
surrounded by emergency vehicles as workers search wreckage. All aboard 
plane bound for Miami were killed. It was the second major plane crash 
in Chicago this month. (AP Wirephoto)(nw11415trib)196} oa 
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CHICAGO OUT=HXPTO922 22=9/18/61=CHICAGOs Scene of the crash of Northwest Orient 
Airlines Electra here 9/17 shows how close te-Q'Hare In yg arpers-<he 
accident occurred.Plane had taken off less than a minute beforé from runway, in 

its departure for Tampa,fla, All of the 37 persons aboard the plane were killed, 
Plane struck power lines next to railroad tracks and flipped over and skidded 
several hundred yards, *CHICAGO OUT* T/jr UPI TELEPHOTO 
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Minneapolis Morning Tribune 


‘ 


lis Morning Tribune 


MINNEAPOLIS, MINN., MONDAY, SEPTEMBER 18, 1961 Telephone OMT fs 


FE 3-3111 


37 Killed in NWA Electra 


\ 
| 


Crash at Chicago Airport 
All 5 Crew 


Members Are | 
From Area 


CHICAGO—(?)—A Northwest airlines Electra—fran- 
tically radioing “no control”—spun out of the sky seconds 
after take-off Sunday, struck a railroad embankment and 
exploded. All 37 aboard perished. 


All five crew members were from the Twin Cities area. 
No other victims were from the Upper Midwest. 


(PASSENGER LIST, OTHER STORIES, PICTURES— 
Page 11.) 


The prop jet Electra—which witnesses said reached 
an altitude of 200 to 300 feet, then seemed to falter and 
lose power—had just left O'Hare International airport when 
its right wing tip sheared through high tension wires about 
14 miles from the end of the runway. 

The wing tip then glanced off a 35-foot-high railway 
embankment, careened and bounced into the air. The 
Electra then exploded and ploughed some 800 feet through 
a numntkin field snewing hurning bodies and plane parts. 
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1% miles from the end of the runway. 

The wing tip then glanced off a 35-foot-high railway 
embankment, careened and bounced into the air. The 
Electra then exploded and ploughed some 800 feet through 
a pumpkin field, spewing burning bodies and plane parts. 

The last words from the airliner—preserved on a tape 
recorder in the airport control tower—were “no control,” 
which federal aviation officials said indicated the pilot had 
lost control of the craft. 

One witness said the four-engine craft, carrying 32 pas- 
sengers, burst into flames before the explosion. However, 
Nolan Miller, 33, of suburban Northlake, a construction 
worker at the airport, said: 

“I saw the right wing hit a high tension line just out- 
side the airport boundary and the whole body of it lit up 
in a huge blue arc. Then it went down . , . enveloped in 
flames.” 

Other witnesses said they heard passengers screaming 
as the Florida-bound Electra hurtled to the ground south- 
west of O'Hare near suburban Bensenville. 

Najeeb Halaby, federal aviation agency (FAA) admin- 
istrator, said most of the conversation between the tower 
and the plane was routine. Halaby played back the record- 
ing for reporters. The tower told the Electra, “Turn right 
after take-off.” 

Then there was silence. Next a voice came on speaking 
raggediy and the final, “No control.” Helaby said the re- 
cording was rough because a Conversation with another 
plane intruded on the tape. 

Halaby said technicians later will be able to unscramble 
the two voices. 

He said the tower reported the wheels of the Electra 
left the ground on take-off at 8:56 a.m. and the plane 
achieved a maximum altitude of 300 feet and a speed of 
Ap wikEPHOTO = 150 to 160 miles an hour before faltering. Halaby placed 

PLANE HIT RAILROAD TRACK (ARROW) AND CONTINUED INTO FIELD the crash time at 8:57 a.m. 
| Emergency vehicles surrounded main portion of the Northwest Electra (circled) 


The crash was the second maior airline disaster in the 
Chicago area this month. A 


stallatinn nlunanad inétn a find 


PLANE HIT RAILROAD TRACK (ARROW) AND CONTINUED INTO FIELD te crasn ume at ows aan ; ra ag 
Emergency vehicles surrounded main portion of the Northwest Electra (circled) The crash was the Mea ary fa gl v_ 
4 Trans World airlines Con- 
stellation plunged into a field 
near suburban Hinsdale Sept. 
1, shortly after take-off from 
Midway airport, killing all 78 
persons aboard. 

Allan S. Boyd, chairman 
of the civil aeronautics board 
(CAB), said, “So far as we 
know, there were no mal- 
functions” in the Electra be- 
fore it crashed. 


“So far as we are able to 
tell, there was no reason to 
question the structural in- 
tegrity of Electra aircraft,” 
he added. 

Halaby said: “There is no 
reason to believe there was 
any explosion within the air- 
craft that would be the result 

of a bomb or sabotage.” 


Federal authorities said the 
wreckage would be reassem- 
bled for a painstaking an- 
alysis inside a hanger at 
either O'Hare or Midway air- 
ports.” 


Federal! authorities and 
Northwest officials joined in 
an investigation of the crash, 
roping off an area a quarter 
of a mile long and about 200 


AP WIREPHOTO 


| FIRE AND SMOKE POURED FROM WRECKAGE OF PLANE MOMENTS AFTER IT CRASHED _ Plane Crash 
Al aboard airliner were killed in crash northwest of Chicago near O'Hare airport Continued on Page Nine 
) ers 
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Plane Crash | 


Continued from Page One 


yards wide where the plane|. 


fell, 

FBI agents combed 
crash site. | 

Donald Nyrop, NWA pres-! 
ident, flew from Minneapolis | 
to Chicago to aid the inves- 
tigation. He said that all the 
line’s Elegtras had been mod- | 


ified following the crash “4 


the 


an NWA Electra at Tell City, |j 


Ind., last year. Nyrop said the| 
firm has been flying modified | 
Electras for six months with- | 
out any trouble. | 

George R. Clark, a super- 
vising investigator of the 
civil aeronautics board| 


(CAB), said: “It has not been |# 


established . . . what caused} 
the crash. I will not conjec- 
ture.” | 

Clark, at the crash site, | 
said the CAB would be in) 
complete charge of the crash 
investigation. 

The Electra bore five mem- 
bers of the Al M. Coutu fam- 
ily of suburban Waukegan, 
Iil., to their deaths. Coutu, a 
disabled veteran of the Ko-| 
rean war, put his wife, Joyce, | 
and their four children, rang-| 
ing in age from 5 years to 4/ 
months, aboard the Electra | 
‘for Tampa, Fla. | 

As the Electra roared off} 


AP WIREPHOTO 


FIREMEN SWARMED AROUND CHARRED TAIL SECTION OF ELECTRA 
Northwest airlines plane crashed Sunday after take-off from Chicago's O'Hare field 
atthe EL 


plane hurtled toward dis- | big flame and a big, black 


aster. | cloud of smoke. 


: ne carey 2 ye: yromeng “I WENT out into the field 
stage, yard, pn the “balmy, | and 1 saw about six bodies 
cloudy morning, said: “I saw ‘ 5 
the plane in flames flying] but there was no sign of life. 
very low east of the North-| Then I headed for a piece of 
tail section which was about 


the runway, Coutu went to| bankment. Then it bounced 
the observation tower and| back in the air and exploded. 
watched in numbed horror as| The pieces;flew everywhere. 


western tracks. I saw the 

plane hit the railroad em- 60 feet long. When I got 
within about 100 yards of it, 

it blew up and pieces of 

wreckage flew around me?” 


the plane exploded and spat- | 
tered against the ground. 


THE ELECTRA, Northwest 
flight No. 706, was bound for | 
Miami, Fla., via Tampa and 
Fort Lauderdale, Fla. It had} 
departed Milwaukee, W is.,| 
where eight passengers) 
boarded at 7:45 a.m. Twenty-| 
four passengers boarded at | 
O'Hare. | 

Robert R. Allen, regional 
CAB supervisor, said, “The! 
Plane was in a bank to the| 
right. Whether it was inten- 
tional, or unintentional, I do| 
not know.” | 

Allen, at the crash site| 
about one mile southwest of 
O'Hare added: “I believe the 
plane was in the air only/a 
short time and it, never got 
Wigher in the air than 
leet.” } 


BURNING plane parts and) 
bodies were strewn through | 
the back yards of two paral-| 
lel lines of small bungalow 
Homes. No one on the 
ground was injured, 

The screams of passengers | 
and crew were heard by sev- 
eral householders as _ the! 
——— - 


. 

“I SWEAR I heard pas- 
sengers screaming before! 
the plane hit the ground.” 

Mrs, Mildred Trapp ex- 


Wurbia said bodies near 
the point of first impact were 
not badly mutilated or 
burned. Bodies near the tail 
Claimed; “I heard a thump) section were badly mutilated 
and the sound of an air-|and charred. 
plane motor real close, My} 
husband and I ran out into} 
our yard, but we were afraid! 
to get any closer. Then we 
heard screams and cries. 

“Everything seemed to! 
stop for a second, then there| 
was a terrific explosion and 
just as it was dying out,| 
there were two smaller ones. 
We heard nothing after that.” | 

“WHEN I saw the plane,” 
said John Wurbia, 27, Illinois 
State police trooper, “its 
ings were perpendicular to 


OTT 
. 


EVANSTON 


CHICAGO 


feos 
the ground.” 

Wurbia, sitting, with fel- 
low trooper Louis Gazzolo in 
a patrol car at a road inter- 
section near the crash site,| 
said: | 

“The plane was losing alti-| 
tude at what I'd say was a 
10-degree drop. As near as I 
could tell, all the motors 
were functioning. It explod- 
ed on impact. Then I saw a 


loke 
Michigan 


GAOT ti 


Expressway 


CROSS SHOWS PLANE CRASH SITE 
37 persons were killed 
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~ Just a Book: 


The five crew members who died in the crash of a 
Northwest Airlines plane near Chicago Sunday were 
all from the Twin Cities area and had been on several 
‘flights together recently, according to the airline. 

They left Minneapolis Saturday on a flight to Chi- 
cago, “overnighted” in Chicago and then picked up) 
‘ill-fated Flight 706 Sunday morning. | 

Here are some intimate details from the lives of | 
the five: 


Ralph Hagstrom 


~ On a shelf of Capt. Ralph 
E. Hagstrom’s spacious mod- 
ern farm home in Mendota 
Heights rested Ernest K. 
-Gann’s best-selling novel, 
“Fate Is the Hunter.” 

From an easy chair in the 
den, Craig Hagstrom, 13, 
blinked shyly through his 
glasses Sunday and asked, 
“Did you read it Mommy?” 

His mother, Lois Mae, 47,| ° 
nodded unhappily. “Yes, and 
Ralph read it two weeks ago. 
It was about close calls in 
flying. Why it happens this 
time and doesn’t happen an- 
other time.” 

FOR HER HUSBAND, a 
19-year veteran with North- 
west airlines, “it happened” | 
Sunday morning, when the 


plane he was piloting crashed) RALPH E. HAGSTROM | 
near Chicago, killing all 37 


persons aboard Captain of plane 


Hagstrom, an avid golfer! scribed by her parents as a| 
and a member of the Men-/happy, energetic girl, who| 
dota Heights village council, | joyed her dancing, her record| 
celebrated his 50th birthday | coljection and her work. 
Sept. 3. er gave him a “She was doing just what} 
surprise party. WE rac : 

“There were about eight - nag to do,” said Mc 
couples here,” said a friend. | Tha } 99 «aer_ald - hennatte | 


} 


| 


| 
| 


‘Fate Is the Hunter’ 
‘DID YOU READ IT, MOMMY?’ DEAD PILOT’S SON ASKS 


‘a sister, Mrs. Kathryn An-|“I knew my 


'took the death of his father 


ithe most,” said 
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Minn., where he received a! learned by telephone that his 
bachelor of arts degree in daughter, Rosemary, 28, a 


economics and political) Northwest airlines steward-| 
science. a ag 
Anderson, his wife, Carol, ¢Ss had been killed in the 
and daughters Maren, 6, and| Plane Crash ses 
Ingrid, 5, had lived on North- | near Chicago. 
view road at Minnetonka), “The man 
Beach for nine years. from North- © 
Other survivors include his|WeSt didn’t » 
parents, Mr. and Mrs. Alan|have to tell © 
Anderson, Denver, Colo., and me,” he said. 


ae 


daughter was 

w Full Ke that plane, Gag F 4 
ayne er |because we 

da Earl Fuller | !earned of the met 

crash about 10 am., and a 

the hardest of any of the five | half hour later she still hadn’t 

Fuller children. | Called. 

“I guess I'll have to go to) “SHE ALWAYS called us 
work now,” he said Sunday| whenever there was a bad 
after learning that his father, | crash so we’d know she was 
Wayne, 34, was the flight) all right. 
engineer on i ilski aa 
fae tor tienr ae é | _ Actually Miss Bilski wasn ti 
airlines plane — 
that crashed. 

“Earl felt it 9 


drews, Meridian, Miss. 


his mother, 
June Fuller, ~ 
34. “He was 
the closest of 
the children to 
his dad.” 


The oldest child, Gary, 12, 
was in Bethesda hospital, St. 
Paul yesterday, ill with 
pneumonia. Fuller had rent- 
ed a television set for his 
son’s hospital room last 


Fuller 


| week. 


The boy had the set turned 
on Sunday morning, and 
learned of his father’s death 
before his mother was able 
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Sept. 3. His wife gave him a 
surprise party. 

“There were about eight 
couples here,” said a friend. 
“It was the first time he’d 
been home on his birthday in 
years, and it really was a 
surprise for him.” 

Mrs. Hagstrom learned of 
her husband’s death yester- 
day when she returned from 
services at St. Stephens Lu- 
theran church, She last saw 
him Saturday night, before he 
left for Chicago. 

A NATIVE of Superior, 
Wis., Hagstrom met his wife 
when they were both em- 


ee 


ployed by a St. Paul bank.) 


That was in 1935. He 


joined Northwest in April 


1942. 

Hagstrom is survived by 
four other children—Sharon 
Lee, 17; Gary Mack, 15; Jan- 
ice, 12, and Nancy, 11. 

Their home Is at 2365 Dela- 
_ ware Av. 


Jeanette McKenzie 


Jeanette McKenzie, one of’ 


the stewardesses killed in the 
- crash Sunday, was a on 
blue-eyed 

girl. 

“She was 25 
minutes late 
to work Sat- 
urday because 
she Vad spent 
all afternoon 
cleaning u Pp 
her room,’ 
de ae Miss M’Kenzie 
McKenzie, 3115 S. llth Av., 
said Sunday. 

“She told me if she didn’t. 
come back she didn’t want 
people to think she was that 
messy.” 

“IT remember thinking how 
pretty she looked,” Mrs. Mc- 
Kenzie said, “She was a pret- 
ty girl.” 

Miss McKenzie was de- 


COouection anda ner WOTK. 


“She was doing just what 
she wanted to do,” said Mc- 
Kenzie. 

The 22-year-old brunette 
attended Academy of the 
Holy Angels, Richfield, and 
graduated in 1957. She took 
a modeling course and some 
night classes at the Univer- 
sity of Minnesota during the 
next three years while she 
worked for the Prudential In- 
surance Co. She was em- 
ployed by the airline in Feb- 
ruary 1960. 

Her parents were worried 
most about the dangers of 
her job a short time later. 

“She was on the first 
flight after that Tell City 
crash last year,” said Mrs. 
McKenzie. (A Northwest 
plane crashed in Tell City, 
Ind., in March 1960). 

“We were really worried 
then, but you get kind of 
numb to it after a while.” 

Miss McKenzie is survived 
by her parents; a brother, 
Don, 18, and a sister, Mrs. 
Roger Allen, 24, 15 W. Dia- 
mond Lake road, 


Richard Anderson 


Co-pilot Richard L. Ander- 
son had left his wife and two 
young daughters in sheer. cot- 
tage on the 
shore of Lake 
Minnetonka 
Saturday 
afternoon. E: 

He was to : 
return to the 
lake home to- 
day. 

Anderson, 
33, joined 
Northwest air- 


Anderson 
lines in 1951 as a flight serv- 
ice attendant and became a 
pilot about eight years ago. 
A native of Madison, Minn., 
he attended St. Cloud (Minn.) 
Technical high school and St. 


Olaf college, Northfield, 


A Flactra Crachas | 
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wtecn. 

The boy had the set turned 
on Sunday morning, and 
learned of his father’s death 
before his mother was able 
to break the news to him. 

“I should have called the 
hospital as soon as I'd heard 
and told them to pull the 
plug,” Mrs. Fuller said. 

Fuller, a native of Iowa, 
joined Northwest in 1948 as 
a mechanic and became a 
flight engineer in 1955. 

The other Fuller children | 
are Carol, 9; Roger, 8, and 
Joanne, 4. The family lives 
at 123 S. 16th Av., South St. 
Paul. 

Saturday was Carol’s birth- 
day. Just before he left 
home that night Fuller gave 
her a birthday present. . 

It was a Bible. On the fly- 
leaf he had inscribed simply, 
“To Carol June, from Mother 
and Dad, Sept: 16, 1961.” 


_ Rosemary Bilski 


Joseph A. Bilski, 52, stood | 
in the doorway of his yellow 
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6 Electra:Crashes 


’ 


) 


his | another stewardess Saturday. | le: 


supposed to be on the ill- l 


fated flight. 
Her regular schedule called 


for her to be off Saturday I 
and Sunday and fly from 


Minneapolis to Miami today. 
But she traded shifts with) 


She wanted to build up her | pa 
4’ flying hours for the month/|ne 
‘so that she could take time 


‘game Sept. 30, according to 
’ \a friend and fellow steward- 
less, Joan Ratkovic, 5335 S.|,. 
Irving Av. 
Miss Bilski had been aj? 


Killed 278 in 2 Years 


Special to the Minneapolis Tribune 

CHICAGO — Lockheed EI- 
ectra airplanes have been in- 
volved in six fatal accidents 
in worldwide passenger serv- 
ice during the past two years 
including the Northwest air- 
lines Electra destroyed Sun- 
~ near suburban Bensen- 
ville. 

A total of 278 persons died 
in these accidents. 

THE AIRPLANE is a tur- 
bine-propeller craft with a 


more than 400 miles an hour, 
and an easy 2,400-mile range. 
. It was designed and built 
by Lockheed Aircraft Corp., 
Burbank, Calif., as a stop-gap 
plane in the period before 
commercial airline pure jet 
types had appeared. Value of 


quiry into structural design, 
vibration rates, studies of vi- 
bration harmonics. Eventual- 
ly it was determined that a 
harmonic. vibration between 
an outboard engine nacelle 
and the outer wing panel led 
to fractures of. the main 
spars. 

Lockheed then developed 
a modification kit which 
subsequently was applied to 
almost 175 Electras then in 
Passenger service around the 
world. The kit strengthened 


; A ke maximum weight of 116,000) all the structure and was ap- 
the | off to attend the University pounds, a cruise speed in nor- | plied both to planes in the 
_», \of Minnesota’s first football ri mal operations of a little|field and those in final 


stages of construction. 

Oct. 4, 1960, an Eastern 
air lines Electra departing 
Boston, Mass., flew through a 
flock of birds at take-off and 
crashed into fhe harbor. | 
Fifty-nine persons died. Par- 


rthwest for tial smothering of engines 
stewardess for sh t that she|'M the plane when new was\and loss of power was 
. four years. Before about $2,500,600. biaiied { 


} hog The Bilskis also have a 


bad “The 


_ », | had been a model. 


ki Derham Hall high school, St. | ~ 


SHE WAS a graduate of | 


Paul. | <i 


_son, Joseph, Jr., 26, a student ir 
'at the University of Virginia, 


victims of other 


| uS| Charlottesville. F 


waS| plane crashes have always 


isn’t | Bilski said. “Not any more.’ 
OS 


, 


|just been statistics to me,” | ; 


The first Electra accident 
occurred Feb. 3, 1959, within 
a few days after American 
airlines opened flights from 
Chicago to New York. An 
Electra, approaching La 
Guardia airport on a rainy 
night, flew into the East riv- 
er. Sixty-five died. 

. NEXT CRASH was a Bran- 
iff airways Electra which 
broke up in flight near Buf- 
falo, Texas, killing all 34 per- 
sons aboard. This was fol- 
lowed March 17, 1960, by a 
similar flight breakup by a 
Northwest Electra: 63 dead. 

These two in-flight struc- 
tural failures led to a tre- 
mendous international in- 


& 
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June 12, 1961, a Royal. 
Dutch airlines (KLM) Elec- 
tra, landing at Cairo, United 
Arab Republic, clipped the 
top of a high sand dune 20 
miles from the airport and 
was destroyed. Twenty per- 
sons died there. 


A SEVENTH Electra was 
destroyed in service when, 
again in an approach at La 
Guardia airport, the landing 
gear hit a 10-foot dike. The 
plane flipped over on its back 
and burned, but there were 
no fatalities. 

At the present time at 
least 20 world operators of 
commercial airlines are fly- 
ing Electra aircraft. 
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List of Passengers 
Killed in Air Crash 


Northwest airlines re-}- 
.{leased these names of the Ill. 


passengers in Sunday’s crash 
near Chicago: 


Henry J, Adams, Sr., Milwau- 
kee, Wis. 


Henry J Adams, Jr., 18, Mil- 
waukee, Wis. 

Mrs, Edith Fleming, Largo, Fla. 

J. Weck, Milwaukee. ' 

Mrs. T. Gammons, St. Peters- 


bu re, Fla. 
rs. Marion Eckstein, West 
Palm Beach, Fla. - 

Harold Wenninger, Milwaukee. 
Mrs. Marvell fad ates 7: 39, 
ey ihht cee 

A. J. Mitchell, ‘Tacoma, Wash. 
Mrs. Aronia Mitchell, 
Wash. 

Edward W.. Graboski, Miami, 


rey} Duffy, Lake 
thi Tillie Lagowski, Ham- 


*| Fla. 


mene Janice 
ee 


mon 
Mrs F. Newell, Tampa, Fla. 
‘ Dr. Ay 'D. Hopkins, Fort Myers, 
a. 
Mrs. Marian A. Smith, Chicago. 
George. Peck, Largo, Fla. 
Mrs. Joyce Coutu, Waukegan, 


Ill. 
Dale Coutu, 5, Waukegan, Mil. 


Tacoma, | F 


Raton, Fla. 


Scott Coutu, 3, Waukegan, Ill. 
Terry Coutu, 1 ¥%, Waukegan, 


Kelly Lynn Coutu, 4 months, 
bre ge ll. 

Henry W. Grobe, Elmhurst, IIl. 
Mrs. Alma Grobe, Elmhurst, Ill. 
Mr. (no initial) Schnare, Ab- 

er gue British Columbia, Can- 
ada. 
Mrs. Nancy Foss, Arcadia, Calif. 
Sandra Ellen Foss, 2 months, 


Arcadia, Calif, 


Mrs. Catherine Spence, Pom- 


pano Beach, Fla. 
Geo . Blakely, 
Beach, 
Fort Lauderdale, 


Sane "Birer, 
John E, Houghton, Boca Raton, 


55, Pompano 
Fla. 


a. 
Mrs. John E, Houghton, Boca 
v 


Population Rises 


TOKYO — (2) — Commu- 
nist North Korea’s popula- 
tion totaled 10,089,000 at the 
end of 1960, Pyongyang ra- 
dio reported. It said the fig- 
ure com with a popula- 
tion of 5,612,000 in 1945. 
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7 Who Had Left 
Plane Were Near 
When It Crashed 


MILWAUKEE, Wis. —(@) 
— Seven persons who board- 
ed a Northwest airlines plane 
in Milwaukee Sunday were 
still at Chicago’s O’Hare In- 
ternational airport when the 
plane crashed, killing all 37 
persons aboard. 


The seven were hurrying 
to catch other flights. 


Northwest airlines in Mil- 
waukee identified them as: 


Richard L. Speaker, Elm 
Grove, Wis.; J. H. McGuckin 
and F. W. Adamas, Detroit, 
Mich., and Elbert Jacoby, 
Forest Hills, N. Y., American 
Motors Corp. officials; James 
A. Gondi, Milwaukee; Connie 
Taylor, Parma, Ohio, and 
Judy -Ellen Baker, Livonia, 


1 


| Mich, 
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Sunday's Temperatures. a ; 

1 a.m. 52 9 a.m. 62 S p.m. 75 
2am. St 10 am. 66 6 p.m. 7! 
Jam, SI Ilam 70 7 p.m, 70 1 
4 a.m. $1 Noon 73 8 p.m. 65 1 
5 a.m. 51 t p.m 75 9 p.m. 62 ° 
bam. 51 2pm. 76 10 p.m. 64 ay 
7am. §3 I p.m 76 Ii p.m 63 
Bam. 58 4p.m. 76 Midnight 62 ~ : 

Detailed Report on Page 33, First Newspaper lr 


' 113TH YEAR—NO. 143 ST. PAUL, MINN., MONDAY, 


FIRE AND SMOKE peur from the wreckage of a Northwest Airlines 37 aboard the 
Electra moments after it struck the ground and began to burn Sunday area, were kil 
morning just northwest of Chicago's O'Hare international airport. All AP Wirephoto, 
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WOMEN’S INSTITUTE 


Order your membership to- 
day for the 1961-1962 sea- 
son. Write Women's Insti- 
{ tute, 201 Dispatch Bldg., St. 
Paul 1, Minn. 


$2.20 tax Included 


(DAY, SEPTEMBER 18, 1961 Cy "Shron* PRICE 7 CENTS 
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Crew pe feet 
) All Twin Citians 


CHICAGO—WUPI—A Northwest Airlines Electra prop-jet, 
fighting desperately for altitude, crashed into power lines 
a railroad embankment a minute after takeoff Sunday 

d exploded with a blast which killed all 37 persons oboard. 


The five crew members were from the Twin Cities area 

Captain Ralph E. Hagstrom, 50, 2365 Delaware ave., 
Mendota Heights. 

Co-pilot Richard L. Anderson, 33, Minnetonka Beach. 

Wayne H. Fuller, 34, flight engineer, 123 Sixteenth ave. 
|S., South St. Paul. 


Stewardesses Rosemary P. Bilski, 28, of 2225 Pilot Knob 
rd., Mendota Heights, and Jeanette R. McKenzie, 22, of 3815 
Eleventh ave. S., Minneapolis. 


There were no Minnesotans among the passengers. 


Top federal aviation officials who flew to the crash 

scene said there was no apparent explanation of the disas- 
ter—the second major air tragedy in the Chicago area in 
two weeks and two days and the world’s fourth crackup of 
}a passenger airliner this month. 
The only clue was a garbled snatch of radio conversa- 
~ \ * ; ition from the pilot, Hagstrom, as he banked his plane at 
te BRP ck Sib ak ATA OE Lee A, jright angles in an apparent life-or-death attempt to return 
|\to O’Hare field for an emergency landing. 

‘“‘No control!”’ Hagstrom said. 


The giant Electra was in apparently periect operating 
|condition, authorities said, when it roared off the O’Hare 


a | field runway at 8:56 a. m. on the last leg of a Milwaukee-to- 
mm Mrrias " fF adie lb A | |'Tamna. Fla.. flight. The plane was less than half filled with 


iard the plane, including a crew. of five all from the Twin Cities 
were killed, (Other pictures of the crash appear on page 7.)— 
irephoto. 
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Twin Cities Plane Crew | 
United in Desire to Fly 
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+ Tesire to Fly 


Continued From Page | 


jabut her husband’s flying. | 9, 
1}; |Sh has five children, Gary, 
| air! 12,Earl, 11, Carol, 9, Roger, | @ 
~ 1/8, ind Joanne, 4. “4 
iof| letween flights, Rosemary “4 
iS, Bibki, 28, lived quietly at) w 
Id hone with her parents, Mr. 
amt Mrs. Joseph A. Bilski, | 24 
ds an¢ her brother, Joseph Jr.,| 0 


who 


ao Ah ie Byyat 2225 Pilot Knob rd... q, 
Lee, 17, ‘a Meidota Heights. |F 
a ‘s) . J@tiette McKenzie, lived at) ol 

ms Her y hone also, at 3815 Eleventh! h« 

North- ~\ave S., Minneapolis, with her) _ 

1942. 


|Parents and brother, Donald,| | 
18. Her father, D. C. McKen- 
zie, said, “She was awfully| "! 
attractive, you know.” 

Jeanette, left an office job) ot 
ts|t0 become a stewardess a/ol 
| Yer and a half ago, shortly; to 

afte she graduated from) or 
von Angels academy in Rich-| ot 

eli. 


l€; “She just didn’t like the | fl 

lofficee,”, said McKenzie.|sé 
m)|**There was a certain amount| € 
"eof gamour attached with the| ™ 
'e | airline job. vé 
al} “I just don’t know why she| af 
wanied to be a stewardess. 
jl| She said she wanted to hold|¥ 
n|Out until they gave her a\™ 
is Charce to make an Orient! at 
e | flight—in about a year. 
is; Jeanette always wanted to’ 

see the Orient .. .” 


Newspaper Accounts 


Pioneer Press 


“INO Control!” Hagswom said. ee 
The giant Electra was in apparently perfect operating 

condition, authorities said, when it roared off the O’ 

field runway at 8:56 a. m. on the last leg of a Milwaukee-to- 

Tampa, Fla., flight. The plane was less than half filled with 

passengers, many of them Florida-bound vacationers. 


Its wheels went up in perfect style as it shot to a height 
of 200 to 300 feet. Then the end came with startling sud- 
denness. The plane veered to the west, its right wing point- 
ing directly at the ground. Exactly a minute after the 
wheels left the earth, the plane’s fuselage sliced through 
power lines above North Western road railroad tracks a 
iw {mile south of O’Hare. The right wing dipped into the 20-foot 
{ {concrete embankment and the plane appeared to blow up 
fs in an arc of blue flame. Aaa as 

: The plane plowed the length of two i 
ike dath Rr tuasta of Bild cioves ak ak genes mighty 
explosions tore it to pieces. There was hardly ling left 
the Electra by the time it stopped, and the field was lit- 
The crash a of air disaster in the 
Chicago area wr anal "Sood chevese in the disaster- 


EMA eee 


Sa 
= 


'o id in suburban Chi rrying 78 per- 
he |Sons to their deaths. In this month, 83 
ok |persons died in the crash of a chartered airliner near Shan- 
he |non, Ireland, Sept. 10, and 77 perished when a plane went 
down near Rabat, Morocco, Sept. 12. 


a |277 ELECTRA VICTIMS 5 

Since Electras first went into service in 1959, a total of 
277 people have died in six crackups including Sunday’s. All 
rt’ Electras, including the one which crashed at O’Hare, were 
grounded and then modified to correct a high-speed vibra- 
tion “bug”? which was discovered after a Northwest Airlines 
Electra disintegrated in the sky over Tell City, Ind., on 
March 16, 1960, plunging 63 persons to their deaths. 

Federal investigators in Washington said they would try 
tu |to determine whether there was a link between Sunday’s 
ty |crash and the crackup of an Eastern Air Lines Electra at 

' {Boston Oct. 4, 1960, in which 59 persons died. As in Sunday’s 


takeoff. A large flock of birds in the plane’s path was given 
as a possible cause. 


Top federal officials, led by civil aeronautics board 


whether sabotage—even a bomb—could be the cause. Such 


a (Turn to Page 2, Col. 1 

Tr, ; 
es e@ee eee 
ce 
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Sena 


The carrying pilot Hagstrom’s last, gritted words | ang | 
eas 2 PEE 
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NWA Electra re 
Crash Kills 37. « 


° abut 

Continued From Page | Sh} 

investigations are routine in the case of all major air| 12; 
disasters. 8, inc 


Boyd and Halaby toured the marsh, where pieces of Tet 
steel looked like charred scraps of paper close by pumpkins, Bibki 
tomatoes and squash of a truck garden. Then they held hohe 
a news conferenée at still-bustling O'Hare field. ant 


Hagstrom’s ‘ast ‘words—the oly ones signaling disaster hont 


—came through loud and clear, however. jave $ 
The veteran pilot said “Northwest 706 making right turn | Pa?" 
. +. turning in. . . no control.” 18. 14 


That was the last of Flight 706. Next, amidst the airplane |e, § 
chatter, came the words of the O'Hare tower man: “Aj}| @ttmd 
aircraft stand by.” Sea 

The tape was turned over to CAB investigative units to ba 
in hopes they could decipher garbled passages and find roll 
a fuller explanation of the crash. Hol 

Boyd said preliminary investigation ruled out sabotage field 
and a structural failure of the Electra as cause of the “Shy 
crash. office, 

“There is no reason to believe there was an explosion | “Thr 
due to a bomb or some type of sabotage,” he said. “Therelof ga 
were no strong wind gusts at the time of takeoff that we! airlixe 
know of. We had no reason to question the structural) “I i 
integrity of the Electra aircraft.” | wane 

There were a few other scant clues—a piece of tail She si 
section imbedded in the ground like a grim sign post in/out W 
the marsh, evidence that the plane flipped over on its | Chares 
back when it hit the power lines, and a report that the | flight- 
pilot spread flame-smothering foamite along his craft as Jee 
he fought for a landing. oe ily 

The first men and women at the scene found flames | 
40 feet high and heat so searing they could not attempt Popi 
rescue work. Among the first in the field were priests, | 
some in firemen's hip boots. They moved among the dead| Keoy 
and administered the last rites of their church, 

Most of the dead, including the pilot and his co-pilot, | NEV 
were still strapped into their seats. (Indian 

The crash was witnessed by many. Construction worker! gain 
Nolan Miller, 33, watched the plane fight for life until 1 lemaNe 
hit the wires and “lit up in a blue arc.” Mrs. Herman | Stuput 
Trapp, who lives 40 yards from the crash site, said, “tl 
heard the cries and the screams and then there was 4! popula 
terrific explosion. . . .” |million 

Power went out in the area, including O’Hare field, | of groy 
as the power lines came down. a year 


Ralativac \A/ait |" ONE WEEK! 


Newspaper Accounts 


Pioneer Press 


1Saw I All; 
4 Children, 
Wife Dead 


it, CHICAGO —UPl— “I saw 
m| it all. I saw it happen. I 
al} saw it happen. I saw the 
rt! crash. I want to go home.” 
In four taut sentences 
a4) punctuated by sobs, Al lof thy 
ve 
of 
ol, 


Coutu, 33, told Sunday how 
he saw his wife and four 4 
children die in a plane 
crash that ended a Florida 


started. : 
Coutu, a purple heart vet- 
eran of the marines in the 
Korean war, said he took 
his wife, Joyce, 28, and the 
children to O’Hare Interna- 
—™ tional airport to board a 
‘say Northwest Orient airliner. 
nid They had never flown be- 
» ‘ fore. 
ow! He was still at the airport 
ye . when the plane crashed mo- 
ols} ments after takeoff, killing 
‘st. all 37 persons aboard. 


P “How did you first learn 
ve of this?” Deputy Coroner | 
oy John Dohm asked Coutu |to d 
later at the Cook county |cras 
we morgue. Bost 
yoq) . “I saw it all,”’ Coutu sob- 
oa| bed. “I saw the crash.” take 


4} -| He said his wife was en 
Al] route to Tampa, Fla., to 
yed| visit her parents, Mr. and | (CA 
Mrs. Russell Kirkpatrick. | (FA 

With her was Dale, 5, Scott, | So ¢ 
A 3, Terry, 1%, and Kelly | sion 

Lynn, 4 months. 'whe 


“Kelly Lynn had on a | 
4 pink bonnet, pink sweater, 
blue dress, white booties 
..” Coutu said. His voice oN 
broke. yact] 
He said his wife wore a 
~~) diamond engagement ring 
and the gold wedding band 
he gave her when they be- 
came engaged and were 
married six years ago. 
He wiped tears from his 
face as he signed each Cc 
death certificate at the | wo) 
morgue. When he finished, | gop 
he collapsed in sobs. roo 
Dohm told him it would | bri; 
take the FBI up to 24 hours | Coc 
to make positive indentifi- | wa} 
cation of the bodies and “‘it | of 
would be morbid for you to. | No) 


-wait.”” cra 
“T want to go home,” A 
Coutu said. tle 


His mother, Mrs. Cather- | for 
ine Coutu, and three other | an 
relatives helped him to a | 37 
car. the 

“They were buying their |at 
home in Waukegan,” Mrs. | Int 
Coutu said. ““Things were I 
looking up for them.” 

Se a 


{1Urn Wo rage Z, U0. 1 
eee ; 
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| Kin of Crash Victims 


Waitto Claim Bodies 


women huddled red-eyed Joyce, 
sobbing in smudgy waiting |dren—Dale, 5, Scott, 3, Terry, 
rooms or stood silently in| 1, and Kelly Lynn, 4 months 
bright sunshine outside the| To the small knot of curi- 
Oy ee ee er ee ee cde 
waiting to claim the bodies outside the two-story 
of loved ones who died in a/| white building, the scene was 
Northwest Orient airliner|a nightmare-like repeat of 
crash. the morning of 1 when 
A line of ambulances shut-|78 victims were ora to 
fey Ae amg Bene morgue + is eck. 
fOr see ne cot the urban Clarendon Hills 
37 persons who perished with The scene inside was simi- 
the Electra plane on 1 
con or (Turn to Page 2, Col. 1) 
International airport. 
Inside the morgue, attend- 
_|ants hurried back and forth, 
8 ay «aoe al 
‘The mother of Maureen 
Janice wote eo Zane 
the cimebetee toe 
hours, denying 
that her daughter aboard 
the plane. 
She was led from the build- 
ing in tears after seeing be- 
longings of her 


Relatives Wait. 
To Claim Bodies 


Turn and Bank Calculation 
Linear increments to a 90 degree bank 


Bank and Radius Computation 


Bank manual increment list 


Starting speed in knots 155 

Starting heading 143 

Start axis forward distance 0 

Starting second 

Bank increment degrees/second 10 
Bank increment change per second 

Acceleration knots/second 1 

Seconds Speed Incr Bank Heading 

1 156 10.00 10.00 143.00 

2 157 10.00 20.00 144.23 

3 158 10.00 30.00 146.76 

4 159 10.00 40.00 150.75 

5 160 10.00 50.00 156.51 

6 160 10.00 60.00 164.63 

7 160 10.00 70.00 176.44 

8 160 10.00 80.00 195.18 

9 160 10.00 89.00 233.85 

10 160 10.00 89.00 624.49 


Rate 
1.23 
2.53 
3.99 
5.76 
8.13 
11.81 
18.73 
38.67 
390.65 
390.65 


Radius 
12257 .22 
6014.44 
3840.05 
2675.73 
1907.72 
1312.63 
827.50 
400.89 
39.68 
39.68 


Right 
4.73 
19.25 
49.27 
101.60 
184.72 
308.98 
487.08 
712.52 
904.77 
1010.13 
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Forward 
219.78 
440.54 
661.16 
879.02 

1088.60 

1276.74 

1415.00 

1411.66 

1293.87 

1094.54 


Turn and Bank Calculation 


Linear increments to a 70 degree bank 


Bank and Radius Computation 


Bank manual increment list 


Starting speed in knots 155 
Starting heading 143 
Start axis forward distance 0 
Starting second 

Bank increment degrees/second 3 
Bank increment change per second 0 
Acceleration knots/second 0.5 


Seconds Speed Incr Bank Heading 


155.5 3.00 3.00 143.00 
156 3.00 6.00 143.37 
156.5 3.00 9.00 144.10 
157 = =3.00 12.00 145.21 
157.5 3.00 15.00 146.68 
158 3.00 18.00 148.54 


158.5 3.00 21.00 150.78 
159 3.00 24.00 153.43 
159.5 3.00 27.00 156.48 
160 3.00 30.00 159.97 
160 3.00 33.00 163.90 


160 3.00 36.00 168.33 
160 3.00 39.00 173.29 
160 3.00 42.00 178.81 
160 3.00 45.00 184.95 
160 3.00 48.00 191.77 


160 3.00 51.00 199.34 
160 3.00 54.00 207.76 
160 3.00 57.00 217.14 


— sss si sss 
OOANODOABRWNHIH DAOAANDAHKRWN = 


20 160 3.00 60.00 227.64 
21 160 3.00 63.00 239.45 
22 160 3.00 66.00 252.84 
23 160 3.00 69.00 268.15 
24 160 3.00 72.00 285.92 


Rate 
0.37 
0.74 
1.10 
1.48 
1.86 
2.24 
2.64 
3.05 
3.49 
3.94 
4.43 
4.95 
5.52 
6.14 
6.82 
7.57 
8.42 
9.39 
10.50 
11.81 
13.38 
15.32 
17.76 
20.99 


Radius 
40975.72 
20563.19 
13733.39 
10298.79 

8221.86 
6823.38 
5812.23 
5042.81 
4434.22 
3937.88 
3500.94 
3129.25 
2807.58 
2525.02 
2273.53 
2047.10 
1841.07 
1651.82 
1476.45 
1312.63 
1158.42 
1012.24 

872.73 

738.72 


Right 
1.41 
5.64 

14.13 
28.34 
49.77 
79.93 
120.34 
172.58 
238.16 
318.61 
415.07 
528.78 
660.69 
811.40 
980.95 

1168.61 

1372.55 

1589.44 

1813.92 

2037.96 

2250.05 

2434.39 

2570.35 

2632.87 
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Forward 
219.12 
438.91 
659.28 
880.06 

1100.97 

1321.57 

1541.23 

1759.12 

1974.10 

2184.72 

2388.51 

2583.21 

2766.06 

2933.76 

3082.37 

3207.35 

3303.49 

3365.09 

3386.14 

3360.80 

3284.29 

3154.47 

2974.61 

2757.98 


Turn and Bank Calculation 


Linear increments to a 50 degree bank 


Bank and Radius Computation 


Bank manual increment list 
Starting speed in knots 


Starting heading 


Start axis forward distance 


Starting second 


Bank increment degrees/second 
Bank increment change per second 


Acceleration knots/second 


Seconds Speed 


1 155.1 

2 155.2 

3 155.3 

4 155.4 

5 155.5 

6 155.6 

7 155.7 

8 155.8 

9g 155.9 
10 156 
11 156.1 
12 156.2 
13 156.3 
14 156.4 
15 156.5 
16 156.6 
17 156.7 
18 156.8 
19 156.9 
20 157 
21 157.1 
22 157.2 
23 157.3 
24 157.4 
25 157.5 
26 157.6 
27 157.7 
28 157.8 
29 157.9 
30 158 
31 158.1 
32 158.2 
33 158.3 
34 158.4 
35 158.5 
36 158.6 


Incr 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 


Bank 
1.50 
3.00 
4.50 
6.00 
7.50 
9.00 

10.50 
12.00 
13.50 
15.00 
16.50 
18.00 
19.50 
21.00 
22.50 
24.00 
25.50 
27.00 
28.50 
30.00 
31.50 
33.00 
34.50 
36.00 
37.50 
39.00 
40.50 
42.00 
43.50 
45.00 
46.50 
48.00 
49.50 
51.00 
52.50 
54.00 


deo 
0 
0.1 


Heading 
143.00 
143.18 
143.55 
144.11 
144.84 
145.77 
146.88 
148.18 
149.66 
151.34 
153.22 
155.29 
157.56 
160.03 
162.71 
165.60 
168.70 
172.02 
175.56 
179.34 
183.35 
187.61 
192.11 
196.88 
201.92 
207.23 
212.84 
218.75 
224.97 
231.53 
238.43 
245.71 
253.36 
261.43 
269.94 
278.91 


Rate 
0.18 
0.37 
0.55 
0.74 
0.92 
1.11 
1.30 
1.49 
1.68 
1.87 
2.07 
2.27 
2.47 
2.68 
2.89 
3.10 
3.32 
3.55 
3.78 
4.01 
4.26 
4.51 
4.77 
5.04 
5.32 
5.61 
5.91 
6.23 
6.56 
6.91 
7.27 
7.66 
8.07 
8.51 
8.97 
9.47 


Radius 
81586.32 
40817.77 
27215.75 
20405.32 
16311.48 
13575.89 
11616.41 
10141.96 

8990.84 
8066.00 
7305.71 
6668.80 
6126.76 
5659.23 
5251.29 
4891.72 
4571.97 
4285.37 
4026.64 
3791.59 
3576.80 
3379.48 
3197.31 
3028.38 
2871.06 
2723.99 
2585.99 
2456.06 
2333.33 
2217.05 
2106.57 
2001.30 
1900.74 
1804.43 
1711.99 
1623.04 


Right 
0.70 
2.81 
7.03 

14.08 
24.66 
39.48 
59.28 
84.76 
116.64 
155.64 
202.46 
257.79 
322.30 
396.62 
481.36 
577.04 
684.16 
803.09 
934.10 

1077.35 

1232.81 

1400.28 

1579.33 

1769.29 

1969.16 

2177.64 

2393.02 

2613.21 

2835.64 

3057.29 

3274.63 

3483.62 

3679.78 

3858.19 

4013.60 

4140.58 
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Forward 
218.56 
437.25 
656.06 
874.93 

1093.80 

1312.56 

1531.07 

1749.14 

1966.50 

2182.84 

2397.78 

2610.82 

2821.41 

3028.90 

3232.50 

3431.35 

3624.45 

3810.67 

3988.77 

4157.38 

4314.99 

4459.99 

4590.65 

4705.16 

4801.65 

4878.20 

4932.92 

4963.97 

4969.69 

4948.61 

4899.61 

4822.03 

4715.82 

4581.67 

4421.25 

4237.34 


Turn and Bank Calculation 


Most extreme possible path, approximately 


Bank and Radius Computation 


Bank manual increment list 
Starting speed in knots 


Starting heading 


Start axis forward distance 


Starting second 


Bank increment degrees/second 
Bank increment change per second 


Acceleration knots/second 


Seconds Speed 


1 155.5 
2 156 
3 156.5 
4 157 
5 157.5 
6 158 
7 158.5 
8 159 
9 159.5 
10 160 
11 160 
12 160 
13 160 
14 160 
15 160 
16 160 
17 160 
18 160 
19 160 
20 160 
21 160 
22 160 
23 160 
24 160 
25 160 
26 160 
27 160 
28 160 
29 160 
30 160 
31 160 
32 160 
33 160 
34 160 
35 160 


Incr 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 

-4.00 
-4.00 
-4.00 
-4.00 
-4.00 
-4.00 
-4.00 
-4.00 
-4.00 
-4.00 
0.00 
0.00 
0.00 
0.00 
0.00 


Bank 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 

10.00 
11.00 
12.00 
13.00 
20.00 
27.00 
34.00 
41.00 
48.00 
55.00 
62.00 
58.00 
54.00 
50.00 
46.00 
42.00 
38.00 
34.00 
30.00 
26.00 
22.00 
22.00 
22.00 
22.00 
22.00 
22.00 


Heading 
143.00 
143.12 
143.37 
143.73 
144.22 
144.82 
145.55 
146.39 
147.36 
148.44 
149.64 
150.97 
152.42 
153.99 
156.48 
159.95 
164.55 
170.48 
178.05 
187.79 
200.61 
211.52 
220.91 
229.04 
236.10 
242.24 
247.56 
252.16 
256.10 
259.43 
262.18 
264.94 
267.69 
270.45 
273.20 


21 


Radius 
123027.14 
61890.93 
41504.44 
31305.25 
25180.88 
21093.84 
18170.90 
15975.46 
14264.96 
12893.86 
11696.32 
10696.14 
9847.76 
6246.49 
4462.06 
3370.65 
2615.40 
2047.10 
1591.95 
1208.86 
1420.66 
1651.82 
1907.72 
2195.53 
2525.02 
2909.99 
3370.65 
3937.88 
4661.44 
5627.20 
5627.20 
5627.20 
5627.20 
5627.20 
5627.20 


Right 
0.47 
1.88 
4.69 
9.40 

16.46 
26.36 
39.59 
56.62 
77.94 
104.03 
135.29 
172.19 
215.19 
267.73 
333.47 
416.28 
520.31 
649.79 
808.63 
999.02 

1208.84 

1429.30 

1654.23 

1879.37 

2101.91 

2320.13 

2533.11 

2740.49 

2942.40 

3139.25 

3330.59 

3515.98 

3694.99 

3867.19 

4032.21 
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Forward 
3219.12 
3438.95 
3659.47 
3880.66 
4102.49 
4324.92 
4547.88 
4771.29 
4995.03 
5218.99 
5442.28 
5664.70 
5886.03 
6105.29 
6320.96 
6530.67 
6730.70 
6915.28 
7075.30 
7196.07 
7278.61 
7325.84 
7341.42 
7329.24 
7293.05 
7236.36 
7162.34 
7073.88 
6973.54 
6863.61 
6744.35 
6616.02 
6478.94 
6333.41 
6179.77 


Turn and Bank Calculation Page 250 
Excel VBA turn and bank calculation 


This code is a sort of calculator sketchpad to try different scenarios 
for flight 706. It starts with a heading and a rate at which a bank 
increases, +=right, -=left. The bank increment can itself be incremented 
+/- as a percentage. Specify a starting speed and acceleration. 


By default the calc stops when the heading reaches 271 or after 100 
iterations. 


New values can be stuffed into the bank increment or increment change, 
or the acceleration. The second at which the new value is to be 
inserted is given in successive columns of the StartingSecond row, 

and a new value is accepted if nonblank. 


Bank angles can also be manually specified on the second sheet, and the 
column to use for the calc is specified as the BankManualIncrementList. 
If that bank spec is used, the bank increment parts are ignored. 


The StartingAxisForwardDistance is used to set the location where 

the calc is to start. If you have a result that puts the 271 heading at 
a reasonable number for the impact site, calc the map foot marker 

it needs to start at to reach the impact, and then coordinates can be 
read pretty much directly off the results matrix to the CAB map. 


Private Sub btnCalc Click() 


Dim fHeadingStart As Double 

Dim fHeadingStop As Double 

Dim fHeadingImpact As Double 
Dim fHeadingLast As Double 

Dim fHeadingCurr As Double 

Dim fHeadingOffset As Double 
Dim fHeadingOffsetSin As Double 
Dim fHeadingOffsetCos As Double 


Dim fSpeedTakeoff As Double 
Dim fSpeedImpact As Double 
Dim strAccelProfile As String 
Dim fAccelSteady As Double 
Dim fSpeedLast As Double 

Dim fSpeedCurr As Double 


Dim strBankProfile As String 
Dim fBankSteady As Double 
Dim fBankCurr As Double 

Dim fBankIncr As Double 

Dim fBankIncriIncr As Double 
Dim fBankIncrd As Double 

Dim fBankRadians As Double 
Dim fBankTangent As Double 


Dim fTurnRadius As Double 
Dim fTurnDegSec As Double 


Dim ilterLimit As Long 
Dim iIlterCount As Long 


Dim iNextStartSecond As Integer 
Dim iNextParmCol As Integer 

Dim boolDone As Boolean 

Dim boolLastOne As Boolean 


Dim fDistForwardCurr As Double 
Dim fDistForwardAccum As Double 
Dim fDistRightCurr As Double 
Dim fDistRightAccum As Double 


Dim iLineStart As Integer 
Dim iLineCurr As Integer 


Turn and Bank Calculation 


Dim strLineCurr As String 
Dim strColIter As String 
Dim strColSpeed As String 
Dim strColHeading As String 
Dim strColRate As String 
Dim strColHeadOff As String 
Dim strColHeadoffSin As String 
Dim strColHeadOffCos As String 
Dim strColBank As String 
Dim strColBankIncr As String 
Dim strColRadius As String 
Dim strColRadians As String 
Dim strColLatFeetCurr As String 
Dim strColLatFeetTot As String 
Dim strColFwdFeetCurr As String 
Dim strColFwdFeetTot As String 
iNextParmCol = 6 
iLineStart = 15 
iLineCurr = iLineStart 
strLineCurr = Trim(Str(iLineCurr) ) 
strColIter = "A" 
strColSpeed = "B" 
strColBankIncr = "C" 
strColBank = "D" 
strColHeading = "E" 
strColRate = "F" 
strColRadius = "G" 
strColLatFeetTot = "H" 
strColFwdFeetTot = "I" 
' strColFwdFeetCurr = "J" 
' strColLatFeetCurr = "H" 
' strColHeadOff = "Gc" 
' ~strColRadians = "G" 
' strColHeadoffSin = "K" 
" strColHeadOffCos = "oO" 
Range ("A14:X500") .Value = "" 
Range(strColIter & strLineCurr) .Value = "Seconds" 
Range(strColSpeed & strLineCurr).Value = "Speed" 
Range(strColBankIncr & strLineCurr) .Value = "Incr" 
Range(strColBank & strLineCurr).Value = "Bank" 
Range(strColHeading & strLineCurr) .Value = "Heading" 
Range(strColRate & strLineCurr) .Value = "Rate" 
Range(strColRadius & strLineCurr) .Value = "Radius" 
Range(strColLatFeetTot & strLineCurr) .Value = "Right" 
Range(strColFwdFeetTot & strLineCurr) .Value = "Forward" 
'"  Range(strColHeadOff & strLineCurr).Value = "HeadOffset" 
"  Range(strColLatFeetCurr & strLineCurr).Value = "FtRtCurr" 
'" Range (strColFwdFeetCurr & strLineCurr) .Value = "FtFwdCurr" 
"  Range(strCol & strLineCurr).Value = "" 
"  Range(strCol & strLineCurr).Value = "" 
"  Range(strCol & strLineCurr).Value = "" 
"  Range(strCol & strLineCurr).Value = "" 
' strAccelProfile = Range("E9") .Value 
strBankProfile = Trim(Cells(5, 5) .Value) 
fSpeedTakeoff = Cells(6, 5).Value 
fHeadingStart = Cells(7, 5).Value 
If Cells(8, 5).Value <> "" Then 


fHeadingStop = Cells 
Else 
fHeadingStop = 271 
End If 
iIterLimit = 0 


(8, 5).Value 
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If Cells(8, 
iIterLimit 
End If 


6).Value <> "" 


Then 


= Cells(8, 6).Value 


If ilterLimit < 1 Then ilIterLimit = 100 


fDistForward 


Accum = Cells(9, 5).Value 


" the following are changeable on the fly, so to speak 
cond = Cells(10, 6) 
= Cells(1l1, 5).Value 


iNextStartSe 
fBankSteady 
fBankIncriInc 


r = Cells(12, 


fAccelSteady 


fSpeedCurr = 


5 


) .Value 


= Cells(13, 5).Value 


fSpeedTakeoff 


fHeadingLast = fHeadingStart 


fHeadingCurr = 
fBankIncrd = fB 
fDistRightAccum 


fHeadingStart 
ankSteady 
= 0 


boolDone = F 
boolLastOne 
iIterCount = 
While Not bo 
If boollLas 


alse 

= False 
1 

olDone 


iLineCurr 
strLineCur 


Range(strColiIter & strLin 


Range (strc 


If ilterCo 
iNextSta 


If Trim ( 
fBanksS 
End If 
If Trim ( 
fBankI 
End If 
If Trim ( 
fAccel 


= iLineCurr + 
r = Trim(Str(i 


olHeading & st 


unt = iNextSta 
rtSecond = Cel 


Cells(11, iNex 
teady = Cells ( 


Cells(12, iNex 
nerIncr = Cell 


Cells(13, iNex 


End If 


Steady = Cells 


iNextParmCol = iNextPa 


iNextSta 


End If 


If strBank 
fBankiInc 


1 


Be 


1 


il 


Ss 


( 


tOne Then boolDone = True 


ineCurr) ) 
eCurr) .Value 


rLineCurr) .Va 


tSecond Then 
s(7, iNextPa 


ParmCol) .Val 


ParmCol) .Val 
(12, iNextPa 


ParmCol) .Val 


= Str(ilterCount) 
lue = Str (fHeadingCurr) 


rmCol) 


ue) <> "" Then 


1, iNextParmCol) .Value 


ue) <> "" Then 
rmCol) .Value 


ue) <> "" Then 


13, iNextParmCol) .Value 


rmCol + 1 
rtSecond = Cells(10, 


Profile = "" Then 


r = fBankStead 


y 


If fBankIncriIncr <> 0 Then 
ner = fBankIncrd 
nerd = fBankIncrd * fBankIncriIncr 


fBankI 

fBankI 
End If 
Else 
fBankiInc 
End If 
fBankCurr 


Range (s 
Range(s 


rC 


: iSpeedCur 
fSpeedCurr 


iNextParmCol) 
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xr = Sheets("sheet2") .Range(strBankProfile & Trim(Str(iIterCount))).Value 


= fBankCurr + fBankIncr 


If fBankCurr > 89 Then fBankCurr = 89 


olBank & strLineCurr) .Value 


If fSpeedCurr > 160 Then fSpeedCurr = 
If fSpeedCurr < 1 Then fSpeedCurr = 1 


Range (strc 


If fBankCu 
fBankRad 
: Range (s 


rr <> 0 Then 


rColBankIncr & strLineCurr).Value = Str(fBankIncr) 
= Str(fBankCurr) 


r = GetNextSpeed(ilIterCount, iSpeedCurr) 
= fSpeedCurr + fAccelSteady 


160 


olSpeed & strLineCurr) .Value = Str(fSpeedCurr) 


ians = fBankCurr / 57.2957795130823 
trColRadians & strLineCurr).Value = Str(iBankRadians) 
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' TAN function is not available in VBA, so I do it ina cell 
" K3 contains =TAN(J3) 

Range ("J3") .Value = fBankRadians 

fBankTangent = Range("K3") .Value 


fTurnRadius = (fSpeedCurr * fSpeedCurr) / (11.26 * fBankTangent) 
Range(strColRadius & strLineCurr).Value = Str(fTurnRadius) 
fTurnDegSec = (1091 * fBankTangent) / fSpeedCurr 

Else 


fBankRadians = 0 
fBankTangent = 0 


fTurnRadius = 0 
fTurnDegSec = 0 
End If 
Range(strColRate & strLineCurr) .Value = Str(fTurnDegSec) 


fHeadingCurr = fHeadingLast + fTurnDegSec 
fHeadingLast = fHeadingCurr 
fHeadingOffset = fHeadingCurr - fHeadingStart 
: Range (strColHeadOff & strLineCurr).Value = Str(iHeadingOffset) 
If fHeadingStop > 0 Then 
If fHeadingCurr > fHeadingStop Then boolLastOne = True 
End If 


fHeadingOffsetSin = Sin(fHeadingOffset / 57.2957795130823) 
: Range (strColHeadOffSin & strLineCurr) .Value = Str(iHeadingOffsetSin) 


fDistRightCurr = (fHeadingOffsetSin * fSpeedCurr * 5073) / 3600 
: Range (strColLatFeetCurr & strLineCurr).Value = Str(iDistRightCurr) 


fDistRightAccum = fDistRightAccum + fDistRightCurr 
Range (strColLatFeetTot & strLineCurr) .Value = Str(fDistRightAccum) 


fHeadingOffsetCos = Cos(fHeadingOffset / 57.2957795130823) 
' Range (strColHeadoOffCos & strLineCurr).Value = Str(iHeadingOffsetCos) 


fDistForwardCurr = (fHeadingOffsetCos * fSpeedCurr * 5073) / 3600 

: Range (strColFwdFeetCurr & strLineCurr).Value = Str(iDistForwardCurr) 
fDistForwardAccum = fDistForwardAccum + fDistForwardCurr 
Range (strColFwdFeetTot & strLineCurr).Value = Str(fDistForwardAccum) 


iIterCount = iIterCount + 1 
If ilterCount > ilterLimit Then boolDone = True 
Wend 


' Range ("J3:K3").Value = "" 


End Sub' 
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Bank and Radius Computation 155334303) 57. 

Bank manual increment list b 
Starting speed in knots 155 Cale 
Starting heading 143 
Stop at heading (E) or second (F) 0 32 
Start axis forward distance 3000 
Starting second 
Bank increment degrees/second 1 
Bank increment change per second 0 
Acceleration knots/second 0.2 
Seconds Speed Incr Bank —_ Heading Rate Radius Right Forward 

1 1652 1.00 1.00 143.00 0.12 122552.69 0.47 3218.70 

2 1654 1.00 2.00 143.12 0.25 61415.76 1.87 3437.68 

3 1556 5.00 7.00 143.37 0.86 17512.05 6.58 3656.90 

4 1656 5.00 12.00 144.23 149 10141.96 16.98 3876.20 

5 156 1.00 13.00 145.72 1.61 9361.53 33.59 4095.40 

6 156.2, 1.00 14.00 147.33 1.74 8690.66 56.88 4314.28 

7 156.4 1.00 15.00 149.07 1.87 8107.42 87.33 4532.56 

8 1566 2.00 17.00 150.94 213 7123.71 125.92 4749.83 

9 1566 2.00 19.00 153.07 2.40 6341.35 173.63 4965.58 


10 157, 2.00 21.00 155.47 2.67 5702.74 231.40 5179.14 
11 167.2, 2.00 23.00 156.14 2.95 5170.29 300.15 5389.72 
12 1574 2.00 25.00 161.08 3.23 4718.44 380.77 5596.36 
13 157.6 4.00 29.00 164.31 3.84 3979.44 475.16 5797.39 
14 167.6 4.00 33.00 166.15 4.49 3405.32 585.13 5990.65 


15 158 500 _38.00 17264, 539 2837.70 712.95 6172.96 
Sheet1_/ Sheet2 / Sheet3 / |< T 


Sim Programming Notes 


I chose the X-Plane simulator for the job. X-Plane is 
used as an engineering tool and for accident analysis, 
among other things. It allows users to design their 
own aircraft and modify existing ones. This means the 
user can look under the hood of existing models to ver- 
ify their design accuracy, as well as prototyping new 
aircraft. And because X-Plane calculates flight dy- 
namics from airflow (along with weight and balance) it 
should better represent behavior when a plane is be- 
yond the envelope of normal operations as our subject 
was. 


My model is an L-188C written by David Starling. I 
looked at some of his specifications and the model be- 
havior to verify that the design looked accurate. For 
example, at 93,000 Ibs Flight 706 should have had a 
stall speed of about 110 knots near sea level. I loaded 
the model to 93,000 lbs and it stalled at about 110 
knots. For our purposes, it is vital that the rudder be 
specified correctly. The maintenance manual says that 
the rudder can deflect a maximum 30 degrees to the 
right and 24 to the left. Starling specified exactly that 
in his model. As a result, I have considerable regard 
for his work on this model. 


The X-Plane flight simulator is intended to be run by 
external programs. It has a facility to accept plug-Ins, 
which are given processing time at intervals. The X- 
Plane API exposes thousands of variables which it 
calls “datarefs”, some of which can be modified by a 
plug-in and some of which are read-only. 


One popular plug-in implementation method is to use 
Gizmo, which is itself a plug-in host. I selected Gizmo 
after a couple other avenues ran into technical issues. 
Gizmo is initiated as a global X-Plane plug-in, which 
runs continuously (it can be paused) while X-Plane is 
running. 


Gizmo accepts plug-ins written in Lua. These are 
stored in the directory that defines a plane, and Gizmo 
detects and starts them when a plane is loaded that has 
a properly named Lua script. So Gizmo can run plane- 
specific plug-ins, and can load and discard them on the 
fly. Gizmo in turn exposes X-Plane's datarefs using its 
own syntax. 


I wrote a very dumb plug-in, which reads free-form 
text commands passed to it by an external program. 
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The Lua script makes no decisions, it’s merely a con- 
duit between X-Plane and my external program. The 
plug-in periodically scans for an incoming instruction 
packet, and executes whatever it finds. 


My plug-in commands include instructions to start re- 
porting on datarefs, values to insert into datarefs, data 
to send to the plug-in logfile for later review, and 
pausing or resuming traffic from the plug-in to my ex- 
ternal program. The syntax is trivial, the coding is not 
complex, and showing whole script here would be use- 
less. The command syntax is shown on the following 


page. 


My external program is Delphi, which is an IDE using 
Object Pascal as the underlying language. It's my fa- 
vorite programming tool. 


X-Plane makes its entire roster of dataref definitions 
available in a text file. My program absorbs and pars- 
es the text file to create an internal table, and present 
that in a GUI where I select datarefs and attach mean- 
ing to them. Thus the dataref which controls pitch, for 
example (sim/joystick/yoke_pitch_ratio) is linked to 
my defined control object named Pitch. 


The program then can send arbitrary values to the sim- 
ulator by attaching values to the dataref name in the 
outgoing data packet. In the same way, it can accept 
data from the incoming data packet and present it to 
the user. By inserting the internal definition, I can 
control Pitch without bothering with sim naming de- 
tails. 


Data packets are exchanged about every half second. 
The simulator runs about 20 frames per second, so ev- 
ery ten frames the plug-in sends whatever it's been told 
to send, and it accepts whatever commands the exter- 
nal program has sent. If this were a highly active situ- 
ation, a faster data rate would be appropriate. The half 
second interval seems reasonable for an airliner, and is 
a compromise intended to minimize processing loops. 


All flight computations and decision-making happens 
in the external program. When the external program 
starts controlling the plane, it sends a set of instruc- 
tions to the plug-in telling it to disconnect from manu- 
al inputs - joystick and pedals. When the external 
program releases control, it sends a set of instructions 
to the plug-in to allow the manual controls to take over 
again. So the external program can take control while 
the plane is flying and release it again. 


Sim Programming Notes 


X-Plane has a "flight data recorder" function which is 
running at all times. At the end of a flight, this can be 
saved as a text file. A saved recorder file can be re- 
played. When this is done, the plane is not re-flown, 
but instead is positioned at successive points in the sky 
using position information in the FDR file. So a re- 
play of a flight when done by the sim is not actually a 
flight, but is simply an animation of the recording. 


It is possible to create a fake FDR file and play it, but 
that's not useful for this effort. All flights under the 
control of my program are actually flying the plane. 
It's important to understand the distinction. The vari- 
ous viewpoints for video are all repositioned views of 
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the same sim flight, not arbitrary positionings and ren- 
derings. 


In my Youtube videos there are windows embedded in 
the screen that show data from the sim in real time. 
Any segment with such a window is when the plane is 
being flown, whether by hand or by my external pro- 
gram. During flights that were intended to depict the 
crash, I saved the FDR file, and then used it to replay 
the flight from different angles. The frames that show 
no sim data are replay animations, not flights. All my 
videos can be found on Youtube by searching for 
N137US. 


Plug-in And Control Program Command Syntax 


Data in both input and output files are: 


Seq - identifies the file sequence to prevent reprocessing 


format: 
Commands in 


integer 
the input file are: 
Add - add a dataref to the list 
format: Add name type 
type is any of 
Drop - remove a datare 
format: Drop name 
Set - store a value in a dataref 
format: Set name int/float 


ae 


to be reported 
integer/float/string 


rom the list to be reported 


numericValue 
Set name string "String value" 


Log - logging level - O=none, 


format: Log integer 


RateOut - how many frames between 
format: RateOut integer 
RateIn - how 
format: 
List 
Stats - write statistics to 
Clear - clear the log file 
Comd - send a command to the sim 
format: Comd command-name 
Sastry = 


RateIn integer 


eName 


format: Sit fullFil 
Plane - call fora pl 
format: Plane fullfilename 
Pause - stop sending data, 
Resume - resume sending the list 
Results in the output file are: 
Data - value of a dataref 
format: Data name value 


Crash - plane crashed 


[value] 
call for a situation to be loaded 


9=intensive 


ach data sending 


many frames between command reads 


—- write a list of reportable refs to the Log 
the log 


ane to be loaded 


wait for Resume 


Sim Programming Notes 


I wrote two general types of control logic. The first is 
a goal-seeking controller where I define target values. 
The plug-in sends values out reflecting the plane's cur- 
rent state, and the external program detects how far off 
the flying plane is from those target values and cor- 
rects for it. I would set a desired altitude, speed, and 
heading, for example. Reading the data packets from 
the plug-in, the program decides how to get to the de- 
sired state, and sends throttle and joystick values for 
the plug-in to pass to the sim. 


Goal-seeking scripting requires sensitivity to the 
plane's current state, and computation of how far the 
plane is off the desired value. As the variance is re- 
duced, the flight station inputs are also reduced, until 
the plane is as desired. This is a moderately slow pro- 
cess, and is ideal for getting the plane to a steady state. 


To help determine the needed control inputs, the exter- 
nal program includes a panel that equates changes in 
attitude to the flight station input value for different 
airspeeds. A given amount of rudder deflection induc- 
es a given amount of yaw at a given speed. By setting 
a series of these values at different speeds, the program 
interpolates the actual input needed for a given attitude 
change. These control inputs were tweaked over time 
to help the program tune the handling feel. 


The other type of scripting is a direct play of flight sta- 
tion inputs. This sends a recorded list of control com- 
mands to the plug-in, telling it to pass to the sim the 
control column and pedal inputs, throttle settings, 
flaps, and main gear up/down value. This type of 
script does not depend on feedback from the sim to tell 
the program what the plane is doing, and it does not 
seek any goal for the plane attitude. It simply tells the 
cockpit controls how to move and the plane flies ac- 
cordingly. 


This scripting starts by recording the values of flight 
station control inputs from the sim as I hand-flew the 
plane. This recording is saved as a list in an object. 
The sim can save a flight data file as a sequence of po- 
sitions and plane attitudes; my program (with respect 
to this scripting mode) saves a flight as a sequence of 
the control inputs it took to fly it. 


I wrote a graphical editing tool which let me adjust the 
values of the control inputs. The input values for yaw, 
pitch, roll, throttle, flaps, gear and brakes are shown as 
different colored lines of dots on a matrix, with time 
from left to right and from value from -100% at the 
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bottom to +100% at the top. The graphical tool let me 
edit these by repainting the lines for one selected color 
at a time while viewing all of them as a function of 
time. 


After editing a sequence I saved the script or created a 
new script from the edited values, and playing these 
values back to the sim lets me fly a pre-recorded set of 
flight station inputs. By saving multiple scripts I could 
compare results and preserve some history of different 
attempts. 


I found it useful to store these scripts as time seg- 
ments, so I would write a good take-off portion, for 
example, and then graft a right turn portion on the end 
of it. I had several take-off portions, and many flight 
portions. These are seamlessly merged at the point I 
start the play, so it looks like a single script. 


Simulating the flight in this crash is a very fast pro- 
cess. The entire flight takes about 70 seconds from the 
start of the take-off roll. Given the relatively moderate 
adjustments of the goal-seeking scripting, there is no 
time for that logic to fly this path. The direct inputs, 
on the other hand, get no feedback from the plane on 
its position, and simply issue commands. 


This can usefully be thought of as launching an elec- 
tronic equivalent of a paper airplane. Once started, the 
plane is committed with the recorded commands to 
throttle up a certain degree, lift off at so many seconds, 
commence a right bank at so many seconds, etc. 


There is a randomizer built into the stm which I can't 
disable. This causes each flight to be a bit different, 
regardless that the control inputs are the same. Flying 
with this type of script requires multiple tries, evaluat- 
ing the results and adjusting the script before trying 
again. 


As the script gets closer to the desired flight, the 
tweaks will be smaller but the presence of the random- 
izer means the tweak amount needed becomes harder 
to recognize. The needed tweak value becomes lost in 
the randomizer noise. It might take ten or twenty 
flight attempts, developing a feel for how the error is 
running, before putting in a tweak to get it closer. 
There were some thousands of attempts needed to tune 
the script to give what I think is a good depiction of 
the flight. 


All video was captured using Movavi Studio. The 
screen capture was started and the frame is set to the 
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desired sim display. The sim camera can be positioned 
arbitrarily in relation to the plane. The most informa- 
tive position seemed to be fairly close behind and 
slightly above the tail. 


If the external program was going to fly, the data dis- 
play subwindow would be positioned at the right side 
of the Movavi frame. The data display includes a wall 
clock at the bottom. At the end of each run, the exter- 
nal program used operating system commands to save 
the sim flight data file in an archive of such files, with 
the timestamp as part of the filename. 


A typical job would consist of several hours of tries, 
and would create perhaps a few hundred flight data 
files. The video would be saved and then viewed to 
select candidates for further work. This was more effi- 
cient than making editorial judgments during the flight 
sequence. I used the flight sequence to capture all the 
flights and to tweak the script. 


After reviewing the video in the Movavi editor I would 
create a new file of perhaps six to ten candidates, and 
verify that I had a good flight data files for those. Af- 
ter selecting the best fit, I would go back to the sim 
and load that flight data file. I positioned the camera 
viewpoint externally to the plane. The viewpoint 
might be at the tower, at the passenger concourse, or 
out on the airport grounds. 


I replayed the flight file to show what the flight would 
have looked like from that viewpoint, while Movavi 
captured the video. These clips have no data window 
at the right side, indicating they are replays. This is 
not a flight, but an animation of the sim's position data. 
This means each replay of a given flight gives the 
same results, and the randomizer is not introducing 
small differences. 


The goal-seeking scripting was used to validate flight 
characteristics. I was particularly concerned with cor- 
rect calculation of turn radius, and with calculating the 
effect of rudder deflection on turn radius. To do this I 
would typically set up the plane to fly in a right bank 
at a given altitude and speed. The plug-in would in 
these cases be reporting back the height, speed and 
bank angle just as when depicting the fatal flight. It 
would also report back the latitude and longitude. 


When the external program was flying in this mode, it 
would record the most northerly and southerly latitude 
and the most easterly and westerly longitude for each 
circle. The scripting tool was set up to run multiple 
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iterations, so it might run five circles at 200 knots ina 
10 degree bank, and then five at a 15 degree bank, and 
so on. 


Its task list might cover 50 circles like this, and at the 
end of each group of identical circles I would get an 
average of the latitudinal and longitudinal differences. 
I also saved the duration of each circle and the average 
bank angle, true airspeed and indicated airspeed. 


The goal was to validate that I was getting accurate 
results. I computed the circle circumference from the 
true airspeed and the time, and from that found the di- 
ameter. I computed the distance over land from the 
latitude and longitude extreme points and got the di- 
ameter from that. I computed the theoretical circle di- 
ameter from the standard computation of bank angle 
and indicated airspeed. 


The initial results were very troubling. There was a 
large difference between the circle diameter as indicat- 
ed by the latitude measurement and as indicated by the 
longitude measurement. My initial assessment was 
that there was something going on in the sim to precal- 
culate where the plane should be, and it was errone- 
ously placing it. In other words, what should have 
been a flying was instead some mix of flying and ani- 
mation positioning. This would make the sim unus- 
able for my purposes. 


I went to Djakarta to redo all the flights at the equator. 
Never been to Djakarta before. At that location all the 
circle measurements came out circular. I could see the 
issue was something to do with the "flat earth" prob- 
lem that all flight animators must deal with. There 
seemed to be nothing online in sim forums that dealt 
with the X-Plane issue. 


I found the answer when positioning the camera above 
the plane and looking straight down while doing cir- 
cles. At intervals there was a noticeable jump in the 
landscape below the plane. In effect the sim is putting 
pleats in the landscape so the gore-shaped earth panels 
(like fabric gores in a balloon) will come together at 
seams. It has to do this when the longitudinal offset 
reaches some given amount, depending on the latitude. 
But it comes into play only in larger latitudinal offsets, 
and has no effect in the length of flight that I needed to 
replicate. So the circle flying could be trusted, but lon- 
gitudinal measurements were a poor tool. Fine for 
navigation, but not circle computation. 
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Validating the sim for the flight in question then meant 
validating that no pleats were encountered in the range 
of longitudinal flight involved. Since the longitudinal 
amount was only about 4,000 feet, there were no such 
saltations and the sim longitude can be trusted for this 
flight. 
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